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CHAP. XXII. 

On changes in the dixposit'ion of the Sea and Land. 

Having thus brought down the history of the Globe 
to the period at which we must believe that it had un- 
dergone its last important changes, and was, funda- 
mentally at least, what we know it now, it rcnjainsi to 
pursue those which it has since experienced, and is still 
undergoing ; exclusively however of the production of 
coral and the agency of volcanoes, already discussed. 
I have shown the difficulty of ascertaining the exact 
uatare of the last great marine anergcucc of the land, 
especially as it relates to Time; as also that a long 
period must have been occupied in minor and posterior 
revolutions ; but although proving, therefore, that the 
received notion of one brief and complete Emergence, 
determining the present face of the sea and land, is in- 
correct and careless, this subject must be treated from 
such an imaginary condition : that I may avoid a com- 
plication as intolerable, as it must be, in its details, 
conjectural. 

Under such a view, the dry land must have been a 
desert of rocks, without other soil than such alluvium 
as might have been brought up from the bottom of the 
4ea ; without plants, and without animals ; the form- 
Itss and void earth which antcccdcd the recorded Cre- 
ation. In what manner to modify this simple and ab- 
stract view, by any conjectures worth making, is not 
now within the power of Geological informatiou. But 
under any view* of later and jiariial changes, a cowwdex- 
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able period must have elapsed before this earth, 
empty, was fitted for the reception of at least, terres- 
trial life. Soil must have been prepared for vegetables; 
and that soil was the produce of time ; though, in ad- 
dition to the submarine -alluvia of the previous ocean, 
many portions of the land must have retained the alla- 
viuth and soil of a former period, since I have shown 
that there could have been no revolution in which some 
dry land did not remain. At what periods animals and 
vegetables were placed in this renovated earth, physical 
evidence does not enable us to discover: and it must 
be remembered that, on this subject, the enquiries of 
Geology are properly and purely physical. If deduc- 
tions arc to be formed from them in support of the 
Historical records, they can have no value but by main- 
taining the physical enquiry pure. To fabricate sys- 
tems out of historical records, and then to use them in 
support of those very records, is a species of logic 
which seems to have taken refuge in geology whe; 
abandoned everywhere else. 

While the land of the original earth was higher than 
the present, the ocean was deeper. Time has shal- 
lowed, and is still shallowing, these seas, and levelling 
these mountains ; it is changing the outlines of on^J 
continents ; and in rendering the rocky surface mo^H 
extensively habitable, it is also enlarging it, as it will 
continue to do while the earth shall endure. He who 
shall divest the present surface of all but its rocks, who 
shall exterminate from our maps the great alluvial 
plains and deltas of the glo))c, with the countless in- 
terior tracts of the same nature, will produce a sketch 
of the original earth, in no small degree interesting. It 
is through decomposition and disintegration, aided by 
mechanical power, that these changes have been pro- 
duced. Whatever other causes have aided, the waste 
of the rocks, and the transference of their materials. 
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are hourly and obvious. In the mountains, they arc 
seen in every fragment ; and every river carries with 
it something to be deposited in the beds of lakes, in the 
lower lands, or in the seas : while the movements of 
the ocean transfer the materials whicli its shores re- 
ceived ; spreading them to form the germs of future 
strata. But the velocity of this process is variable. ^Tlie 
nature of the climate, the forms of the land, the qua- 
lities of the rocks, with numerous minuter causes, 
everywhere modify results which still terminate in that 
destruction to which every thing must submit. In 
Egypt, the resistance of the works of nature is not less 
remarkable than that which still preserves its archi- 
tecture for our instruction ; and while the waste of the 
lower lands of England is imperceptible, every winter 
is taking from the mountains of Scotland to add to its 
plains and shores. And thus also does the more du- 
rable granite long brave those elements under which 
the softer sandstones are hourly yielding. The alluvia 
themselves will be examined in a future chapter; the 
business of the present is of a more general and com- 
prehensive nature. 

Of Rivers and their actions. 

The actions of rivers consist in destruction and in 
reproduction ; the former process being evidently sub- 
servient to the latter, and the whole constitnting one of 
the great Designs of Nature, for ends of the highest 
importance respecting both a nearer and a more distant 
future. I commence, of course, with the process of 
destruction. 

From the moment that the rains first descended, the 
rivers began to flow -.-but if there was, at the beginning, 
such a condition of the atmosphere as has reasonably 
been supposed, from the preceding effect of heat on 
the ocean, the fall of water, and the consequent flow 
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along the surface, must have been far grt;ater than an^ 
system of rivers now iiuiiciitt's. That tjucstion must bii 
reserved, though we must seek the exphinatiou of many 
appearances in this state of things ; not, as they have 
been commonly sought, in those actions of rivers which 
we now witness and to which I must at present limit 
myself. The watersjthus draining along the declivities, 
hastened to the lowest levels, by the channels which 
the irregular elevations of the rocky surface must have 
produced ; uniting into main trunks, and leaving lakes 
in their courses, as they do at this day. It is true, that 
the rivers of our own days are not those of autient 
times ; yet whatever may be their actual direction, their 
general course was determined by the positions, alti- 
tudes and incHnations of the elevated strata. If the 
present chains of mountains have been lov^-ered, and 
their forms rendered raore'complicated by the enlarge- 
ment and multiplication of their vallies, they still oc- 
cupy the same places; while, with the nature of the 
rocks and the inclinations of the strata for our guides, 
we can safely infer that the general division of the 
waters over a given country is the same now as it was 
from the beginning. Near their sources however, they 
probably still correspond exactly ; the present ravine 
being an enlargement of the original fissure, as the 
mountain valley occupies the depression which first 
tempted the waters to seek the present passage. If, 
even in these higher elevations, the courses have some- 
times been changed, in consequence of the waste of 
the rocks, the general conclusion remains. Jt is in the 
lower grounds that the great changes have occurred ; 
since it is in these that they have either essentially mo- 
dified, or even made their channels ; ever changing 
them also, and unavoidably so, when they deposit the 
very land through which they must construct a passage. 
Thus, partly modified and partly made, the present 
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cnanncls of rivers consist of tuinicrous branches, uniting: 
at many successive levels into a main trunk, so as to 
form a perfect system of drainage. In the mountain, 
the river is a torrent ; if a precipice occurs, it is a cata- 
ract; if a valley intervenes, more depressed near the 
mountain than at its further extremity, its waters 
spread into a lake ; while, finally, it wanders slowly 
along the level plain till it reaches the sea. But no- 
thing of all this is pertnanent. The cascade is deserted 
or destroyed ; the torrent becomes the clear and rapid 
stream of the elevated valley, the lake is either filled, 
or is drained by the lowering of its exit, and is con- 
verted into a plain, while the stream becomes conti- 
nuous ; and tbe river of the plain for ever changes its 
place as it protrudes fresh materials to retard its ter- 
loiuation in the sea. 

Under the distance of time at which the original 
actions of rivers commenced, it might be supposed that 
we could no longer trace the first condition of things. 
But the process is ever new, and ever recommencing 
from the same point. If ended in one place it is be- 
ginning in another ; and thus, in examining a river 
from its sources onwards, we trace that which the 
channel was when the river first began to flow, as we 
follow the whole series, to the present hour and to all 
future days. The sinuosity or the fissure of the moun- 
tain rock is the picture of the Original surface, which, 
giving passage to the waters, at length becomes a ra- 
vine : its sides gradually crumbling, and, by their fric- 
tion on the bottom, aiding the water to deepen its bed. 
Hence, among stratified rocks, that correspondence of 
the strata on the opposite sides, which erjually occurs 
in wider vallies, since this is the further progress and 
enlargement of the ravine. Hence have such ravines 
been idly attributed to earth rpiakes, or, as is the vulgar 
hrase, to " convulsions of Nature :" causes as unne- 
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cessarjj in this case, as in many others where they are 
equally uiisapp'icd by those who are alarmed to find 
them applied to the very tliftcrent phenomena which 
ihey have really caused. That such actions have pro- 
daced analogous effects, there is little reason to doubt ; 
but while it is difficult to point out the cases, we are 
sure that the flow of water, sudden and powerful, or 
slow and gradual, is capable of fulfilling all the con- 
ditions: though it must not be forgotten that the 
fractures consecpient on the elevation of the strata 
must have also produced every species of discontinuity, 
from the simple fissure to the wider valley. Still, if 
there be any cases which especially mark the action of 
water, it is precisely those where this correspondence 
of strata occurs ; since any more violent and sudden 
caase must have disturbed this regularity. Yet the 
want of such correspondence does not prove the re- 
verse : since snch a displacement as should destroy the 
continuity of a set of strata, is precisely that which 
would give access to water with all its consequent effects. 
The cataract is generally connected with the ravine, 
and the actions are so exactly those which must have 
commenced from the very beginning, that it demands 
the next consideration. The most obvious effect is the 
retrogradation of the cascade in certain cases, with its 
destruction in others ; as, in peculiar positions, it is 
the production of a deep fissure, at length to become 
a ravine, and ultimately a valley. In Scotland, the fact 
of simple reti-ogradation is seen at the Cauldron linn, 
and on the Braan at Dunkeld, where the lateral devia- 
tion is not less remarkable than the depression of the 
river. If the marks in these places are trifling, they 
are instructive : but at Foyers, the excavation is as 
striking from its depth and magnitude, as from its 
picturesque beauty; as Kea cloch affords examples 
of every effect that running water can produce. And a 



J 



OF THE S«A AND LAND. 






better eye than that which determined tlie vale of tlje 
Tay above Birnain to have been once u lake, will dis- 
cover its antient cataracts in the rock, now a hundred 
feet above the river, and far removed in lateral position 
from its present bed. Let those who are so free in the 
use of deluges, thus learn a lesson of caution in pro- 
nouncing on what demands a very difl'erent eye than 
that for a stratum or a specimen, and a species of 
knowledge which geologists have too much forgotten 
to acquire. Niagara itself is retreating daily ; and 
when this act of geological suicide shall he completed, 
some posterity will trace tlie silent seat of that which 
was the wonder of our own days. 

The drainage of lakes may be placed at this stage 
of a river's action ; occurring, as it does, by the low- 
ering of the original rocky boundary through the cor- 
rosive powers of the issuing stream ; while I need not 
dwell on the separate case where the same consequence 
results from the removal of alluvia, formerly laid down, 
and producing the barrier. If the lake is obliterated 
through the accumulation of alluvia, the result will be 
a plain : in the present case, it must be a valley of 
some kind, yet not without an alluvial bottom. If the 
common opinion respecting Thessaly be true, it is a 
striking case in point, the Peneus being the cause ; and 
in this manner will the great chain of the American 
lakes be assuredly drained at some distant day, by the 
operations of Niagara. If, essentially, Glen Roy was 
drained in this manner, yet it must have been by sud- 
den and repeated actions, as is proved by its peculiar 
phenomena, which I have elsewhere described and 
analysed. That Loch Maree will, partially at least, 
undergo the same fate, at some future time, is certain: 
and if I here remind the reader of the Lake of Con- 
atance, it is for the purpose of recalling his attention 
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to one of the sources of the so long mysterious fresh 
water deposits. 

But the great visible effect of rivers consists in the 
excavation of valleys ; corrclatively also modifyingthe 
original forms of the mountains. The ravine continues 
to enlarge by the further destruction of its sides ; at 
length becoming a narrow valley, and successively a 
wider one, finally uniting at times to a plain or the 
sea, in an almost imperceptible manner; and thus a 
system of successive valleys becomes shaped, if nut 
formed, in the course of a river and its tributary 
streams ; replacing what was originally a system of 
rocky ravines, or of valleys not always materially dif- 
fering, often also containing lakes. Yet in this pro- 
gress, other causes aid the mere action of the stream ; 
the decreasing declivities of the hills being corroded 
by the rains or other causes of disintegration, while 
graivty aids the descent of alluvia, to be carried off by 
the water, with all the rest, and to produce other work 
for the still flowing river to perform. If "diluviau" 
or general currents have been supposed to aid in these 
excavations, I cannot perceive that any proof of this 
has yet been produced, except in the single and rare 
case of the bursting out of a lake; a source of destruc- 
tion which I must hereafter notice, while some in- 
stances were quoted in an early chapter. 

If it remains to trace the further process of destruc- 
tion by a river, I must now consider it as having 
ceased to act on the solid rock, since, henceforward, it 
flows through the alluvia which it has transported from 
the higher grounds. There is, thus, a process of pro- 
duction, anticipating that of destruction : but these two 
branches of the subject become here inseparable. 

The destructive operation in this case being that of 
removing alluvia, these have been often supposed of 



A 



OF THE bEA AND I.ANP. 9^ 

"diluvial)" origin, especially by tliose who seek physi- 
cal information where it was never intended, and is 
assuredly not to be found. This is to he ignorant of 
the action of a river, in which the two distinct pro- 
cesses of laying down and of renioviiig materials are 
always going on ; while the two effects, which appear 
to be coexistent in one place, occur, at one point of 
tinae, in two places, and are in a state of perpetaal 
transference. The torrent, gradually deepening its 
rocky bed, carries forward its materials to a lower 
poiut, thus diminishing the rapidity of the slope on 
which it flowed : while, continuing to act on these, 
it labours to restore the declivity which it had reduced, 
thus deepening its channel and transferring them to a 
lower point. Hence the raising of the bed by the 
protrusion of materials, and the lowering of it by 
vertical wear, proceed at the same time : the former, 
however, preceding the latter, or the work of elevation 
going on at a point nearer the source, at any instant, 
than that of deepening. Though the final result would 
be to equalize the niountjiin and the sea, the powers 
gradually diminish, or the time eucreascs, with the di- 
minution of the declivity, and is thus always most 
feeble in the plains. But here also it lays down what 
it will remove, and removes what it has laid down : 
while the results are modified by lateral deviations ari- 
sing from the evanescence, of the declivity and from 
obstructions of its own creating ; through the fall of 
its banks or other causes. Hence arises the depth of 
deserted alluvia in the wider valleys and the plains, 
with their permanent elevations above the actual course 
of the river which created them. And these are the 
alluvia which some have viewed as "diluvian," as 
others have supposed them to belong to deserted lakes; 
unaware of the nature of what I have thus, if too 
briefly, analysed. The very valley, thus giving an allu- 
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vial rournc t<» u stream, onec carried that over its rock j 
ImjKoui ; as that tuttlom, successively lowered, can often 
l)« traced on the declivities of the hills, displaying 
thfwo niarUs of wear which have so often been idly 
aitrihnted to diluvian currents. 

Such is all the analysis I can here afford of this par- 
li< iilar hranch of a suhject which might well occupy 
n V(dniiie; hut I must here notice one or two of the 
iiDtiii coiiNt'ijiiences of this destructive power. Such 
are the changes of place to which rivers are suhject ; _ 
lilt) often neglected or misapprehended. Among these, | 
the chang<! of the course of the St. Lawrence near 
Onehec h one of the most noted. In this way also, 
the Soane, which once joined the Ganges at Patna, is 
now many miles <Iist:ant from it at that place ; while 
the Cosa once met it almost fifty miles lower than it 
doex now. Thus too did Lahore lose its commerce 
hy the alterations of the Havce. If the Burharapooter 
is noted for tlie changes of its channel, the same is 
(rue of the Wolgn and of many other rivers: while, 
ill our own country, under other changes, the Almond, 
finre entering the sea above Perth, now flows into the 
'I MV, uliile the Earn joins it at that almost neutral 
puiiil wliieh shows, at once, what it was and what it 
iH declined to he. Of mere changes of level and place 
wilhin the nnnie valley, the examples are endless. If 
HmiHHurehaN noted the course of the Rhine onthesideof 
Mtint Sult^ve, I have already pointed out a similar case 
in Uiu 'ruy> while such examples can he traced every- 
wluir«n In plains, these changes are far more compli- 
tiuiid and extensive; while the reason must now be 
4. 1.. ;...... in the nature of the materials of the bed, and 

v.. tlivities: and thus a great river in a great 

id^tn W4»uiU'r» over miles in the course of centuries, 
mis\W liiw» tt'so does it either muhiply its channels or 
\^V («Vi*r«r^ All geography furnishes endless exam- 
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its or tins ; Dut none oeticr iiiati tiie piain or tiie 
Ganges, respecting which all may read what 1 hav« 
no room to r|Uotc. 

I must here also notice one consequence occurring 
in the lower portion of a river, where art has inter- 
fered ; from its great economical importanro. 1 he 
tendency of the stream is to wander, and it is the object of 
embankments to restrain that, as to check inundation. 
Hence the materials with which the water would have 
elevated the plain, in the performance of its aj)pointed 
duty, become deposited in the channel; thus raising its 
bed, and therefore rendering necessary a higher em- 
bankment, and also a prolongation of that towards its 
source. Thus is the river forced up above the plain, 
and thus does the plain itself become a depressed mea- 
dow, often difficult of drainage, and often a marsh : 
while the gradual extension of these upwards, with a 
comparative depression of their level, produces and 
extends those lands which are the notorious sources of 
disease. Such is the well-known state of the Mississipi 
at New Orleans, and such is that of the Po ; now 
running, in some parts, almost on the summit of a 
dyke, so as to have led to serious reflections on the ne- 
cessity of allowing it to break loose and find a new 
bed. And that this also is the state of the Thames, I 
need not say ; while the pressing result at present, is 
the increasing depression of Westminster beneath the 
full stream. 

The last remark respecting the shifting of rivers is 
important, on account of some false conclusions, of the 
usual nature, drawn from the traces which they have 
left where they no longer flow, or from great accumu- 
lations of alluvia in the course of a mere rill. Re- 
specting the former, I need add no more: he who will 
exert himself will often find the real causes of what he 
desires to think a "diluvium," and probably a relic of 
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thi' .VfoHiiir ijcliigt;. 'J^lic other caso is niore abstruse, 
»uA of prnilifirly dirtifiilt I (ivivst ligation. In cither, the 
HfHircir of ihi* alhiviu cannot he mistaken ; from that 
rrpiilnrity of Htratification which can only occur in the 
cane of a river rlcjjosit, the facts being sucli as not to 
tufirilt of a fornHT l;ike ; and if the original stream 
cannot he fnnnti in the neighbourhood, the only re- 
maining Hohition is, that of the lowering of the raoun- 
lalnn, througli the usual waste; thus cutting off that 
nnpply of water which originally produced a large 
river where there is now but a rill, or perliaps nothing. 
Of Nueli extensive losses of lan<l there can be no doubt, 
nH I shftll show hereafter; while it is obvious that 
higher lunils must have produced larger rivers. And 
when I fuid that the most striking cases of this nature 
occur at the foot of trap ridges, so especially bearing 
niarkii of great waste, this solution becomes even more 
Halisfaciory. 

In conchuliug this branch of the action of rivers, it 
i^ now evident that I but ptu-tially agree with those 
who, in tlu'ir eagerness after a system, have asserted 
that all valleys have been excavated by their rivers: 
rhilc it must be plain that the long-continued dispute 
'^mnong peologi-sts, whether the beds of rivers had been 
prepare<l, <»r were made by themselves, is but the dis- 
pute of children in this science. It is evident that the 
f)riginnl drainage consisted in the irregularities of die 
elevated nu-ky surface; nor can I understand how this 
neci'n.sily ithould have been overlooked by those with 
whom this forms an essential part of the whole svstem. 
^^'el•ll the rivers the causes of the valleys, every land 
iiiho\dd have I)een a table of monntain, without other 
diM-ontinuity than a fissure. Wen.' this theory true, 
hi.w is there any lake at all ; above all. how are there 
nuili lakes as Loch Ness, many hundred feet deeper 
ihun the surrounding seas ? No river could have ex- 
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cavatcd tliese : and the lake is but a valley, though 
such reasoncrs forget it: while if the early surface eou- 
taiiied valleys of such a form, it might as well have 
contained all others. The original courses, if not the 
channels, of the rivers were made for them, but they 
have modified those : as they have necessarily been the 
fabricators of their own beds where these exist in allu- 
vial and protruded lands. All this is as obvious as it 
is simple. But all geology is, throughout, like all the 
works of nature, too simple for those who cannot sec 
what is, who seek in their own inventions for what is 
not, and who also delight in mysteries. It has been 
the history of all the sciences : and all flounder alike, 
till a Newton arises, to see and demonstrate the truth. 

I ought not to be compelled to pursue this subject 
through such asserted cases as the Luke of Geneva : 
but authority sanctions every absurdity — while it 
holds, as it is the steady enemy to improvement and 
truth. If we compare that lake with the Valais, it is 
impossible to believe that it could have received all the 
materials of that valley, and still retain the depth 
which it possesses ; increase the original extent of the 
cavity as we may: while, since there was such a va- 
cuity, such a valley, here, from the beginning, why 
was there not one also in the Valais, and why should 
that, peculiarly, have been excavated by its river? 
What power of rivers excavated the great Caledonian 
valley, even though it had not contained Loch Ness : 
and where arc the rivers which produced all the 
Western Highland inlets ? for these are valleys also. 
Like thonsands more, they are the original valleys of 
the surface : rivers may have modified their forms ; 
but they were not made by any river. 

If I have thus terminated this part of the subject, I 
can afford but little further illustration; while gladly 
pointing out, at home, where all can sec, what those 



14 



ON CHANGES IN THE DISPOSITION 



who prefer illustrations of higher and foreign name 
may read of; commonly with little useful under- 
Btanding of the subjects, and, too often giving their 
faith to doubtful recorders and to makers of hypo- 
theses. Any map of the great rivers of the world will 
show the extent and places of that system of connected 
and successive levels which conducts water from its 
several sources to the sea. There are such systems, 
whose perfection is owing to the action of the rivers 
which they now conduct in so smooth a manner: 
there are others which, interrupted by lakes and 
cataracts, indicate what nature did at 6rst, and what 
the river has yet to do. These last are the instructive 
ones ; and, In our own island, the Tay is an epitome 
of every thing : but he who desires to understand, 
must examine what I can but indicate in a small por- 
tion of its multifarious branches. The Dochart is 
fast filling its lake, and will in no long time hold its 
uninterrupted course through that valley : long yet 
however to fall into Loch Tay, through that suc- 
cession of cataracts at Kill in, which, did they retreat 
faster than the lake fills, would produce an example 
of the drainage of lakes. Contrasted with this, the 
Lochy has finished the working out of its bed, and 
now enters the lake, at the same place, a sluggish 
stream. That lake is the first great interruption in 
the Tay; and centuries must yet pass before it will 
here have formed its own bed. In the small streams 
that join the Lyon, we find every mode of tlic vertical 
torrent and fissure ; and the ravine of the Kcltnie de- 
monstrates the depth to which water can act on the 
solid rocks. The cascades of Moness show what the 
original courses of all mountain waters must have 
been, as the great cataract of the Tumel will explain 
the proceedings of Niagara: while they wbo will 
pursue this branch to its source in Rannoch, will sec 
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how little it has yet done in forming its own channel; 
henceforth, with little exception, to flow in that lied 
which rivers may truly be said to have formed for 
themselves. The Forth presents a far longer course 
of that repose which it has produced for itself; thongh 
the well-known lakes among its sources mark the beds 
which nature prepared for it, and which it has scarcely 
yet impressed with the marks of change. And if we 
desire to know the destruction which rivers produce 
near their entrances into the sea, wc can sec that the 
Taniar, the Fowcy, and others, once joined it as rapid 
torrents, if not as cataracts. A cataract in Sky now 
plunges, a detached stream, over three hundred feet of 
a perpendicular cliff; while, if the time will come when 
it must enter a gentle stream, that change is already 
commenced in a neighbouring one, which meets the 
sea, a foaming torrent. 

Proceeding now to trace the great process of Pro- 
duction, I have already shown that rivers carry to the 
plains, and finally to the sea, the materials which they 
have taken from the mountains. But that which they 
take from one part of the eatth to add to another, is 
disposed of in different ways. At the upper levels, 
these materials fill the higher valleys or modify their 
forms; on the lowest, they generate plains; and, at 
the entrance of the rivers into the sea, they produce 
hanks and islands. In the courses of the streams, 
they fill up lakes, becoming again known to us; but^ 
once deposited beneath the sea, if they do not cause 
its bottom to rise above the surface, they are thence- 
forward known only by the soundings of mariners. 
Occasional events, however, accelerate and modify 
these results. The torrent of an hour sometimes per- 
forms the work of years: and inundations suddenly 
raise the plains, or deposit banks and islands at the 
aestnaries of the streams: as thus also thefeeble barrier 
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of a lake may be at once lowered, though tlie £. 
'cause is far more tedious. It is by its occasional in- 
undation that the Nile raises the valley of Eprypt, 
while its tlaily actions are merely extending the Delta. 
Such too is the action of the similarly situated river 
of Ava, and others of Eastern Asia, and thus do the 
Wolga, the Yellow river, and others, raise the sur- 
rounding plains by their enormous and durable inun- 
dations. It must however be recollected, that all 
alluvia are not the produce of rivers, as has rashly 
been asserted; and that we may often form erroneous 
juds^rnents respecting: the eftectsof these, by attribut- 
ing to them what has been produced by other causes. 
But this question must be reserved to a future period; 
at present, it is sutticient that 1 have stated the possible 
exceptions. Nor let any one imagine that if all these 
results demand Time, any thing is here implied, 
respecting a parallel antiquity in terrestrial beingsj 
The present view refers only to the state of a vacai 
earth, preparing for the habitation of animals, and 
a period respecting which we may freely enquire. 

The quantity of the alluvia, in various places, leads 
us to conjecture of the times during which these ac- 
tions must have existed, and thus, of the far distant 
period when iirst the rivers descended from the naked 
ujountains and the sea rolled every where against a^| 
rocky sliore. At Amsterdam, 230 feet in depth of alluvial 
soil have been penetrated, consisting of alternations of ^ 
sand, clay, gravel, earth, peat, and sea shells, In ourfl 
own island, the flat testuaries of the Thames, the Tay, 
the Forth, and many more, have been filled to their 
present state by the produce of the hills. But these 
are trifling examples; a single case of some magnitude 
is preferable to thousands such which might be quoted, 
could 1 give a volume where I am limited to a brief 
chapter. From the Puranas, we learn that long before 
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tbe Christian aera, the D^lta of the Ganges extended 
but a little way below Fulta. Where that river enters 
the plain at Haradwar.the elevation, by Captain Hodg- 
son's measurement, is 1024 feet; and thus we may 
compute the declivity of the whole. As the rocks 
and hills about Biibhoom and to the south-cast of 
Chunar, rise suddenly from a dead level, as if out of 
the water, it is evident that, even there, the plain ha» 
been formed from the deposits of the river ; as is fur- 
ther proved by the fact that, through this whole ex- 
tent it consists of fine sand and clay, or mud ; and 
though the total depth of the deposit has not been 
reached, it has been penetrated, at Benares, to 105 feet ; 
presenting repeated strata of river sand and clay, alter- 
nating with vegetable mould ; while, even tlie antient 
beds of the river were traced at ninety-five feet in depth, 
with the bones of men and animals deposited on it. 
Hence, following the whole of this enormous plain, we 
may compute, though in a very limited and imperfect 
manner, the immense quantity of materials which the 
river mast have brought down from the Himdiya 
ridge; while the organic remains also allow us to 
form a conjecture respecting the period in which this 
accumulation has taken place. Were it necessary, the 
United States of America would afford similar infe- 
rences ; beds of sea shells, and other indications of the 
former presence of the sea, even at the feet of the 
mountains, gi^'ing proof of the production of all the 
flatter tracts from the waste of the interior lands. 

Such visible accumulations of alluvial soil, added to 
those which are hidden beneath the sea, may afford 
some conception of the waste which the rocks have 
suffered, as of the changes which the face of the land 
must have undergone, not less from waste than addi- 
tion : nor, could we revive a few thousand years hence, 
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should we easily recognise one feature of the countries 
most familiar to us. 

Of the filling of lakes, the whole world presents 
examples, and we see the process going on every day. 
Being a subject which concerns physical geography, 
we may procure abundant iufomiation on it, in the 
works of antient and modern geographers. The boun- 
daries of tbe Caspian are every day contracting, and 
the neighbouring deposits of shells and mud indicate 
its former prolmble communication with the Aral. The 
Baikal is diminishing rapidly : and the valley of Cash- 
mire still contains some small lakes, the remains of 
that which once filk-d the whole of this basin : as is 
equally supposed of the valley of Nepaul. In Mexico, 
in 1520, Cortez found two lakes, the one salt and the 
other fresh : there are now five smaller ones, produced 
by the accession of new land ; and the whole valley, 
containing two hundred and forty-four square leagues, 
of which but one tenth is now water, was formerly a 
single lake. Here, I need scarcely repeat, we trace 
the origin of those lacustral " formations," concerning 
which geologists have made such confusion; as, in the 
cases just quoted, we equally find those alluvia of the 
ocean which hav'e so often been confounded with them 
under the term " Tertiary." If I unwillingly take room 
for further examples, since thus are books too easily 
written, teaching nothing, as is the usage, the same is 
true of the lake of Geneva, diminishing daily ; of those 
of Tliun and Brientz, now separated by an alluvial 
plain ; of the valley of the Aar, once a receptacle of 
water; of Loch Tumcl, in our own country, now re- 
duced to less than half its original size -, of Loch Ran- 
noch, once flowing at tbe foot of Mount Alexander ; 
of Crummock and Buttermere, now separated like the 
Swisslakcfl just mentioned ; and of Loch Lomond, where 
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the commencement of this process is seen at the influx 
o( every stream. Thas also is the habitable surface 
of the earth cncreased, in these cases, as it is on the 
sea shores ; and that which was the dwelling of fishes 
becomes a place for man. 

In the higher valleys of hilly countries, the steep sides 
of the hills become thus fitted for the plough ; while 
the lodgment of alluvia in their lower parts raises the 
surface, and produces a fertile plain where there was 
once a barren declivity. Thus also, in the lower plains, 
the levels are enlarged; vvhile additional fcrtiUiy is 
conferred by the finer materials which the waters bring 
down. Thus has been produced the fertile district of 
Egypt. Divest it of the mud which interior Africa 
has supplied, and nothing remains hut a steep rocky 
valley, rolling the Nile along, and admitting the sea 
within its entrance. Hence the fertile plains of Lorn- 
hardy, and the extensive tracts which attend the Plata, 
the Oroonoko, the Amazon, and the Hudson. Moun- 
tains useless to man. nearly useless to animals, covered 
with a scanty vegetation, thus become the scats of 
uations, regions of fertility, and wealth, and power. 

The connexion between the lowest plains and the 
aestuaries in which they terminate, is so intimate, that 
the one is but a part of the other : the limit is a 
" puuctum fluens," where that which is now sea is 
shortly destined to become land. In these cases, the 
submarine alluvia, first appearing under the form of 
banks, and lastly under that of islands, extend tlii,' solid 
plain. Whether in lakes or in the sea, the general 
process is the same. The Wolga enters the Caspian 
by seventy mouths, the produce of islands afterwards 
onited, and of which fresh ones are forming every day. 
Thus the Simderbunds first appear as islands, which, 
anitiDg, determine a ucm' aperture for the Ganges, or 
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rated at tlie mouths of the Nile, by the opposing ac- 
tions of the stream and of the sea, soon produces an 
island; vvhich, united to the shore, and becoming the 
gradual basis of vegetation, extends the region of the 
Delta. The Gulf of Pe-tche-lee is similarly filled 
Avith islands ; the extensive shoaling of the shores 
round the mouths of the Amazon, is the prelude to 
that further extension which the coast is here under- 
going: while the land advances fifteen leagues in a 
century nndcr the power of the Mississipi. The Gulf 
of Mexico is gradually filling up in the same manner ; 
though the gulf stream here assists, by means of the 
earth conveyed along the eastern shore : the land 
liaving been so far extended, that shells arc now found 
thirty miles in the interior. If the insignificance of 
onr owu rivers does not permit us equally to witness 
these efTecta, they are still sufficiently sensible every 
where, and most distinctly so at the mouth of the Tay. 
With respect to the sea line, if the general effect is 
to change its form by extending the land, the ultimate 
practical results are very different. Thus towns, once 
maritime, are now many miles inland; as Ravenna, a 
sea port in the time of Augustus, is at present, a league 
from the sea. And thus, as commerce has been ex- 
cluded from harbours, and wealthy territories ruined, 
might physical causes have done for Venice, what 
moral ones have effected with far greater speed- But 
if tbis.increase, combined with political and moral ruin, 
has destroyed many more of the once wealthy ports of 
the Mediterranean, the same operation, in other places, 
aided by the rise of empire and by industry, has added 
to the world, cities and harbours not less populous 
and flourishing; destined in their turns to submit to 
^le same fate, as nature, ever steady, shall triumph over 
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tbe diuiiniahing resisitance of man. At Alexandria and 
Carthage have been replaced by Amsterdam and Peters - 
burgh, so will these give away to new cities in other 
lauds, when the term of their prosperity shall be com- 
pleted. From the same causes islands become penin- 
sulas; and, of this, Gibraltar is a couspicuous instance : 
as are in our own country, tbe Mull of Cantyre, and 
the Garroch head of Bute, with tbe promontories of 
Hillswick and Sumbiirgh head in Shetland. Such 
changes are in themselves subject to change: from 
variations in the level or currents of the sea, arising from 
analogous or other causes ; and thus have such tracts 
been found to vacillate from the one to the other cha- 
racter. 

Of the variations in the outline of the sea, few are 
more important than those by which bays aud deep 
inlets are filled, and eouvurted into land. This occurs, 
independently of the deposits of great rivers, by a con- 
currence of the movements of the tides with the forms 
and directions of shores : the moveable alluvia of the sea 
being deposited to the lee of the currents, where, aided 
occasionally by the ruins of the land, and by submarine 
vegetation, they form banks which first shoal and de- 
stroy the harbours, and lastly convert them into plains. 
In many of the deep inlets of the Highlands, as in Loch 
Tarbet, this process is very sensible : as, in the other 
case, the bays on each side of the Chesil bank are gradually 
diminishing in depth ; the fincrniaterials subsiding, to 
the eastward, imder shelter of that ridge, while to the 
windward, the same bank, checking the direct motion 
of the gravel, accumulates what the western swell rolls 
on. But the different modes in which these effects are 
produced, vary in almost every place; and among them, 
few are more remaikable than those which occur in the 
islands of the Indian ocean ; where the growth of nia- 
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ritiine forests, extends the well-known marshy tracts by 
which so many of these shores are skirted; often co- 
vering, as in Borneo, spacesalmost incredible, and with 
effects but too well known. 

The last geographical effect of this nature which I 
need notice, is the formation of fresh water lakes on the 
margin of the sea; being an occasional result of that 
process which fills a bay by the production of a spit or 
bar. The descent of the terrestrial alluvia being checked 
by the tide, a bank is produced, which gradually raising 
itself above the waters, becomes dry land ; continu- 
ing to receive accessions of materials on the interior 
side, and often on both. If the entrance of a powerful 
river, united to a peculiar form in the shore, determines 
a rapid increase of the land at the aperture, its channel 
may at length become so narrowed and prolonged 
through the bar, that the further entrance of the sea is 
checked; and thus a fresh water lake is the result. 
This occurs in the Crimea, according to Pallas, and in 
the Gulf of Mexico ; while, in our own island, the 
whole process can be seen, from the commencement 
to the termination, in different places. The long trans- 
verse spits of the Gare loch and Loch Fyne arc exam- 
ples of the first stage : at the Connel ferry and Balahu- 
lish, these spits have become plains ; leaving, at the 
latter place in particular, but a narrow passage for the 
water: while, whether the ultimate result will ever 
happen in these places or not, it has taken place in a 
small lake near Cape Rath, now occupying what was 
once a salt bay. 



Ofantienf unknown Currents 

• 

Whatever imagined facility may be afforded by sucl 
currents in explaining geological phenomena, it is an 
hypothesis which has been rendered repugnant by it* 
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abuse : having been adopted even to explain the di- 
rections and forms of mountains, consequent as these 
are on the nature of the rocks, and the positions of the 
strata. When all the ridges of the earth were supposed 
to lie in one direction, it appeared simple, at least ; 
though we may wonder at the hydraulic knowledge 
which first produced these currents, and could then 
assign the enormous destruction of solid rock to this 
cause. In cases innumerable, no imaginable system of 
oceanic currents could have produced the effects ; as, 
in many more, there should have remained other traces 
which do not exist : but as an examination of exam- 
ples would lead to great length, such enquiries must be 
trusted to those who are more willing to investigate 
troth than to establish a theory, and who possess, at 
the same time, that geographical eye, and that accurate 
and extensive geological knowledge, which are indis- 
pensable in such cases. The vanity of explaining every 
thing has ever been the bane of knowledge : while it 
is seldom considered how often it is the proof of igno- 
rance. He who knows much, has no fear of stating 
what he docs not know : whereas he who knows little, 
pretends to every thing, because he knows not where 
he may safely confess his ignorance. 

Because the excavation of valleys has been referred 
to this cause, by geologists of such reputation as Sau3- 
Bure, I must enquire of the matter, though the result 
cannot be creditable, either to him or his followers ; 
least of all to those of mathematical attainments. If 
there are cases where the action of some such cause is 
probable, its power has been often unwarrantably ex- 
tended ; while, in many valleys, it could not have pro- 
duced the required effects, or should have l("ft other 
traces. It is not unusual for many valleys to diverge 
from one point, for two to separate in opposite duec- 
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tiom, or to meet at right angles ; or for a Bingle valley 
to be bent, so as almost even to return towards its ori- 
gin : all of them being cases which no such currents 
could have produced ; while the simplest case of all 
is perhaps the most striking. A longitudinal and straight 
valley originates by a shallow sinuosity, enlarges to 
a ravine, subsequently to a glen, then becomes a wide 
open space, and lastly terminates in a plain. It is 
impossible to imagine a sudden current to produce 
such a form, nor what its direction could have been. 
If from the summit, here is a force, and a body of water, 
which commence as nothing, terminating, after a pro- 
gressive increase, in any quantity that can be assigned. 
If in the opposite direction, the difficulties are such that 
it really is trifling with a reader to state them ; an6 as^ 
in either case, the mass of water is the same through 
the whole stream, its corrosive power is most exerted 
where it ought to have acted least, and the reverse^ 
The case of longitudinal valleys opening at the sides; 
presents another difficulty equally insurmountable. Ifl 
that of the Dorea has been quoted as an instance. Loch 
Awe presents one equally striking. There is no possi- 
ble mode in which a " diluvian current," could have 
sought and formed a lateral exit through that deep 
and narrow pass which now gives passage to the Awe. 
Valleys which have an opening uurrowcr than them- 
selves, and those containing lakes, where the bottom is 
lower than the exit and the entrance, are all equally 
inexplicable on tliis supposition. The force supposed 
to have excavated the wide valley of the Tay, could not 
have left the passes of Craig y Barns and Birnam what 
they are now; as Glen Lyon could not even have ex- 
isted under such a cause ; while the depth of Loch 
Ness is a sufficient objection, in itself, to the produc- 
tion of the great Caledonian valley by such a power. 
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It is impossible to usbigii the mere mode of action 
in these cases, supposing the general fact admitted. 
Were such a current now directed against the opening 
of any given valley, no greater portion can have acted 
than what was equal in breadth and deptli to its trans- 
verse section: and, thus, even at the conuncnceRient, 
it is required to open for itself, in one only spot, a 
parallel, or a dilated, or an enlarging, or a dimtuisbing 
channel, often of many miles in length. It is sutlicient 
to suggest the impossible progress of such an operation 
at the great Caledonian valley, or in that section inclu- 
ding Glen Tilt, which stretches to Brae Mar. I need 
not proceed : if any one can produce unexceptionable 
cases, they must be believed : but none has yet been pro- 
duced, and I know of nothing, even analogous, unless 
it be the sudden failure and discharge of alakc; while 
every such current must have been too brief to produce 
much effect, as also that could have been but some en- 
largement of the previous valley, and scarcely of more 
than was alluvial. 

But I must not omit one argument supposed to af- 
ford a strong evidence, of such " diluvian" currents ; 
nanaely, the scratches or marks of friction, alieady 
noticed on rocks where water docs not now flow 
Many of the (juoted instances occur in places when: 
rivers have once run, under the changes already pointed 
out; while if the others confirm the former existence 
of currents that could not well have been rivers, they 
are not competent to prove such movements of water 
as I have here rejected. I shall enquire further of them 
presently, as the probable effects of heavy alluvia trans- 
ported by water under other causes. 

If I need not repeat, that these imaginary currents 
have been derived from visionary notions of some early 
conditions in the ocean, so shall I not enquire further 
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rtbtmthvpothoses resting on such knowletlge and talents 
A« huvo hrcu displayed by the Kirwans and the De 
|«VU'«. 'I'hey »re portions of dreams that will be suf- 
AcltMilly txainincd hereafter: my present business is 
with facts mid evidence, not with anile conjectures.'B 
Wihcn L:i Place shall tell me that such things have 
hi'j'ii, it will then be time to enquire what they have 
diUJe. U other evidence of such currents has been 
inmgined, in the waste of sea shores, here also I gee 
nothing bitt the tedious effects of daily actions; as I 
huivi' to MMOtlicr set of theorists to produce them by 
'* r(iuviil>ionN of nature." I know not why we must 
hniicvn that Kngland was ever joined to France, at 
iXiVii*! lipcuuflc both shores possess chalk cliffs: if 
,lh«'»i^ nrr to be our conclusions, whence arc there any 
imliilldM in the world? If it be that Britain was peopled 
villi aniniulH at an early period, why is New Holland 
lhu« |MUJi)lcd, or how came plants on St. Helena? This 
ll hilt nil other form of the theory which will not 
ijuriitit even mountains and valleys to have been pro-- 
(JUi'i'd by the original elevation of the strata. 

I hftVit not thought it necessary to bestow a separate 

llCdthtll on the dcHtructive powers of the sea, and it ia 

'licihiip* Uvii rxan>iiicd here; since it will at the same 

[iime Kiipiwer I bin wpectilation. The evidence is every 

Wlu'io I htil ihe cauHCM are those already discussed ; and 

N jimt cumriilnntion of the facts will prove it to be so. 

t*riir rliiri nC rocky shores fall, for the same reasons 

[lliiil ihone of the interior mountains do; the sea carries 

idle iiuileridU away, nfjer it has pulverized them, just 

UN It iTiiioven llir alluvia of rivers; and as far as itself 

iihU III thin dcNtructlon, it is by the force with which 

|l« WHVe*, aided by these fragments, assail their bases. 

1'lierr \n un Htrenm of the ocean which can, of itself, 

l%f'i»r nwnv n rnckv shore; and that which is now, is 
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that which was. I have no doubt that the chaia 
of Isla and Jura was once continuous; and still more 
certainly was it so on each side of Scarba, It gives 
passage to a tremendous tide : hut that tide could no 
more have existed before the breach was made, than 
could a terrestrial current have assailed the side of a 
wall of mountain and made a passage through it. 
While that chain was one, the tide current, any current, 
flowed between it and the land, as it was diverted by 
that barrier; but it found sonic breach or fissure which 
a stream had made, and forcing its way by degrees, it 
produced Coryvrechan. It is but the river and the 
raA-iae in another form: the tide sought the shortest 
passage to restore the equlibriuni, and the rest fol- 
lowed. The very germ of the whole process may be 
seen at Sell, where a bridge yet connects that island 
with the main land. That passage will long he little 
more than it is now; but when once the tide current 
shall find a free opening here, the separation will pro- 
ceed rapidly, and the geological posterity which never 
heard of this bridge may agree that Sell was insulated 
by Mr. Kirwan's currents, or by " The Deluge." It 
is valuable to find such evidences of this tedious pro- 
cedure as cannot be questioned, and they are much 
oftcner to he found than geologists discover. The 
waste on the west side of Shetland is enormous; and 
it would be easy enough to quote it as an instance 
of the effect of oceanic currents or other brief violence- 
Yet the Drongs, rising in slender pinnacles more than 
a mile from the shore, aud to the height of a hundred 
feet, remain, a portion of that granite vein which can 
be traced on the land, and marking the gentle and 
slow efforts by which the including rocks were re- 
moved. I trust that I may dismiss these imaginary 
cuirents also; since I need not produce the thousand 
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Other similar evidence* existing all over the rocky 
coasts of Scotland. 

There is perhaps no more satisfactory proof of the 
disjunction of islands from the main, than the ex- 
istence, ou them, of alluvial matters or fragments 
derived from rocks which they do not contain. The 
granite blocks on Lamlash, peculiar as that granite is, 
demonstrate its former connexion with Arran. Staffa, 
containing fragments of rocks not found even in Mull, 
must once have been connected with the mainland 
itself. But hid these islands been disjoined from the 
main by powerful oceanic or " diluvian" currents, the 
alluvia must have been swept away; nor can this be 
evaded by saying that they were then deposited, since 
they often occupy places where it is impossible that 
they could have rested under such circumstances. 
Hence then, again, we must attribute these disjunc- 
lions to that gradual action of the sea, of which the 
evidences are every where, and no where more striking 
than in those enormous walls and prolonged dykes of 
trap, hereafter noticed under Denudation. 

But there is a rational view of the causes of currents, 
or great movements of water, in the early condition of 
tltc present earth; while, if not actually proved by any 
effects that can safely l)e assigned to them, they must 
be believed in^ because they must have been. This 
cause was the elevation of the strata: but thus, instead 
of any general current, or system of currents, from 
fanciful causes, there must have been numerous partial 
and irregular ones, differing also in time, as this work 
proceeded, even down to those days whicli elevated 
Italy and Owhyhee. We can imagine such events 
producing almost any complications of simultaneous 
and successive effects, v.'ith any intricacy of consequent 
results that can be desired, and with powers competent 
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to aujr thing that water can be proved to liave efFected: 
but I know not that we can yet point out such an 
effect connected with its cause, and perhaps we never 
shall. If any doubt could possibly remain respecting 
such a cause, the very effect and the cause together 
have occurred repeatedly in our own times, if on a 
limited scale; in Calabria, in Jamaica, and elsewhere: 
the sweeping wave of an Earth(|uake is the current in 
question. And in this necessary course of former 
actions, we shall probab[y firul the true causes of such 
alluvia as cannot be attributed to rivers or other ex- 
isting ones, and which have so often been attributed 
to " Tiie Delnge," as I shall more particularly show 
when speaking of the Alluvia in a future chapter. The 
subversion and fracture of the upper strata during 
elevation, is precisely that which would facilitate the 
action of such currents, or waves, on thenj ; and thns 
can we easily conceive large bodies of alluvia carried 
forward to some point of rest, and, where that point 
was supramarinc, remaining to disclose the history of 
former times. 

With respect to currents or deluges arising from 
the temporary enlargement of rivers, it is easy to reason 
on their effects ; since their direction can always b(; 
assigned, and as they can also often be proved by par- 
ticular appearances, and by historical record : while, 
where such a probable cause can be inferred, we need 
not have recourse to hypothetical ones. Yet I must 
repeat, that the presence of alluvia at a higher level 
than the actual bed of a river, is not evidence, even of 
inundation ; as 1 have also shown whence it arises. 
In mountainous countries, such deposits from occa- 
sional inundations doubtless occur ; but, the greater 
number, when carefully examined, will prove to be 
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those of the torrent whcu at a higher level or in a 
different situation. 

The last source of currents of which I am aware, i^^ 
that casual and sudden drainage of a lake already nQ^| 
ticed. It cannot easily occur more than once in any 
place, though Glen Roy is a noted instance to the con- 
trary, while its effect may be what is termed diluvian, 
in every respect. But as the source and direction of 
the water are here also known, and as its bulk and 
velocity may often be estimated, it can seldom be dif- 
ficult to assign the true cause of any effects occurring 
in such a vicinity. And if a lake can scarcely be filled 
by deposition, without being also partially drained by 
the lowering of its barrier, the results may be compli- 
cated, while generally depending on the comparative 
rapidity of the two processes. It has been a favourite 
speculation, as old as Strabo, that the Black Sea broke 
loose at the Bosphorus in this manner, and that this 
event was produced suddenly, by the action of cartli- 
quakes ; but no consequences of such a supposed de- 
luge have yet been pointed out. If the drainage of the 
plain of Thessaly, already noticed, was effected by per- ■ 
severing efforts of the river of Teinpe, it could have 
caused no such results. That Glen Roy produced 
three successive deluges, can admit of no doubt ; but 
while I refer to the original paper (Gaol. Trans.) to 
show, at least, that the subject was not neglected, 
under any view, or any needful preliminary theory, I 
have never been able to trace any effects which could 
be attributed to a current or deluge, though the dis- 
charge of water must have been very considerable. 
And thence also must I receive with great caution, all 
reports which attribute deposits of alluvia to such a 
cause ; while, of those which have been thus assigned. 
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to any thing that water can he proved to have cfli'ctcd: 
hut I know not that we can yet point out such nn 
effect connected with its cause, and perhaps we never 
shall. If any douht could possihly remain respecting 
such a cause, the very effect and the cause together 
have occurred repeatedly in our own times, if on a 
limited scale; in Calahria, in Jamaica, and elsewhere: 
the sweeping wave of an Earthc|uake is the current in 
question. And in this necessary course of former 
actions, we shall probahly find the true causes of sucli 
alluvia as cannot be attributed to rivers or other ex- 
isting ones, and whidi have so often been attributed 
to *' The Deluge," as I shall more particularly show 
when speaking of the Alluvia in a future chapter. The 
subversion and fracture of the upper strata during 
elevation, is precisely that which would facilitate the 
action of such currents, or waves, on them ; and thus 
can we easily conceive large bodies of alluvia carried 
forward to some point of rest, and, where that point 
was supramarine, remaining to disclose the history of 
former times. 

With respect to currents or deluges arising from 
the temporary enlargement of rivers, it is easy to reason 
on their effects ; since their direction can always bo 
assigned, and as they can also often he proved by par- 
ticular appearances, and by historical record : while, 
where such a probable cause can be inferred, we need 
not have recourse to hypothetical ones. Yet I must 
repeat, that the presence of alluvia at a higher level 
than the actual bed of a river, is not evidence, even of 
inundation ; as 1 have also shown whence it arises. 
In mountainous countries, such deposits from occa- 
sional inundations doubtless occur ; but, the greater 
number, when carefully examined, will prove to he 
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equally niisappreliended and misapplied, that wlilch 
rests on the credit of the Sacred Writings, have written 
to injure the cause which they professed to support. 
If The Deluge was produced by other secondary causes 
than those delivered, we cannot discover them, nor 
are we required to do so : even though there is one, 
which, if stated as a physical fact, we do not compre- 
hend. To us it is related, as a miraculona interposi- 
tion of Providence, for declared moral purposes. The 
same Power, for other ends, divided the Red Sea j and 
though hen; also, there is a Secondary cause assigned 
in the "East Wind," no mathematician will attempt 
to investigate the power of any wind to produce such 
an effect, or, consider it as aught but the immediate 
act of Him who established and controls the laws of 
nature. Thus to scan all the miracles of Scripture, 
would be to renounce all that we believe on those 
grounds which are the foundation of our faith. Thus, 
imaginary causes of the Deluge are properly struck 
out henceforward, from the considerations of geolo- 
gical science ; as 1 presume will now at last be ad- 
mitted by every one. 

Now, respecting its possible effects in producing the 
phenomena ascribed to it, we must be guided by the 
information afforded us respecting its nature. We 
have Tio right to add any thing to what we have re-j 
ceived on this head: it is painful to think that they , 
who have most indulged in unwarrantable attempts 
of this nature, ever deemed censurable in analogous 
cases, should have been the first to bring forward 
charges of impiety against those who were content 
simply to receive that information which the sacred 
historian thought proper alone to communicate. In 
this plain narrative, the water rises during a short 
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period, and subsides through one not long, leaving on 
an eminence, that vessel which was to preserve and 
perpetuate Man. 

It is far from pleasing to be compelled thus to dis- 
sect Scripture, and on a subject of a purely physical 
nature. Yet it is to defend it from pernicious intru- 
sion, to say that where it is simple, plain, and intel- 
ligible, it must be taken simply and plainly. There 
is nothing in this history from which we can infer a 
state of turbulence or violence in the water. There 
is nothing to make us suppose that the Deluge could 
have disjoined islands, excavated valleys, or deposited 
allavia. It is deficient alike in the two needful powers, 
motion and time. Of the former in particular, and to 
the extent and velocity required for such purposes, no 
mathematician can contrive the means: but they who 
invent such hypotheses have rarely knowledge enough 
to perceive their own wants: while in this case, where 
a single purpose is declared, and declared to have been 
executed, and where also that only purpose could have 
been perfectly executed in the tranquil manner which 
must be inferred, the Almighty is asserted to have 
done infinitely more than He has declared, and for no 
end that can be conceived. If this be not that dariug 
perversion of Scripture to which a very harsh term is 
applied, if it be not to assume a certain conduct in the 
Deity because we desire it for our own ends, and this 
too by those who profess peculiar reverence to Him 
and His scriptures, while they persecute the simple 
followers of His word, I know not well who can de- 
serve the censure of wantonly misinterpreting the 
Sacred writings. The Ark was scarcely a structure 
to have lived on such waters as this geological specu- 
lation presumes; or, if miraculously preserved amid 
8Uch unnecessary commotion, to have settled in the 
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very regions where it was constructed. Nor could 
ihe torrents which demolished riinuntains throughout 
the wide extent of the globe, have left a leaf on an 
olive ; while to suppose that this also was miraculously 
preserved, is but to invent a human romance of in- 
volved miracles, to serve a fanciful and unnecessary 
purpose. Were we even to speculate on what must 
have happened, though not narrated Wy the Sacred 
historian, we could add nothing to his account but the 
Tides. Under their influence the waters of the Deluge 
ijuist have remained; but, even thus, they were in- 
jideqnate to produce any one of the ascribed effects, 
since we know how limited they must be in an earth 
which is all ocean. Let us contemplate this subject 
na we do all else in Scripture: and not attempt, by 
iiiisiipidied reasonings, to interfere with that, of which 
I hi" ileity has condescended to communicate all thatj 
WftH necessary tor the moral ends alone in His con- 
(f!iii|)lation. But as, in such questions, the authoritj 
of a Theologian carries a weight which is refused to 
ihe (^pillioaa of mere Science, it is Burnet who remarks 
that " "ii'* a dangerous thing to engage the authority 
of iS«Ti|)ture in disputes about the natural world, in 
Cip|)(»ni<i(>n to reason; lest time, which brings all things 
to light, should discover that to be evidently false 
wliii'h we had made scripture to assert." If thatpro- 
it)lir«'y UtiH now been fulfilled, it is he also who quotes 
'till" pnridlcl (ipitiionsof St. Austin on the same subject. 
•' Cinii I'uini tjuenK|uatn Christianorum in ea re quam 
optlm*^ nunnit errare deprehenderint, et vanam sen- 
(niihiin huiitn ex nostris libris asserere, quopactoillis 
HlhrU rredituri sunt dc resurrectione mortuorura etspe 
villi' tt'trnni' regnoque ctelornni, quandg dc his rebus 
niniN Jiun experiri, vel indubitatis numcris pcrcipcre 
tioturrurit, fullacitcr putaverint esse conscriptos." 
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On Denudations. 

Though I have enquired of such destructions of 
land as are obviously dependent on assignable cur- 
rents, there are other appearances of this nature, for 
which it is difficult td discover a cause. These have 
l)eeu called denudations. But as this term has been 
applied to every marked loss of land, under whatever 
cause, I must here limit myself to those of unknown 
or doubtful origin; merely suggesting one or other 
of the known causes, where such explanations seem 
admissible. It is easy to suppose that every ridge or 
peak has been thus produced, or shaped: but the 
former remarks on the elevations of strata, show that 
such a principle must be cautiously adopted and care- 
fully limited. In countries of trap, however, Avliere 
the masses are hori/ontal and the subjacent strata at 
low angles, we find summits of that rock separated 
from similar ones, or from larger tracts, in such a 
manner as to indicate the removal of the intermediate 
liind. In Scotland, the instances of this nature are 
so abundant that it is unnecessary to specify them : 
though I shall have occasion to notice one of the most 
remarkable immediately, in Morven. Where conical 
detached mountains are formed of strata at low angles, 
the same explanation must be given; and the loss of 
land is inferred in a similar manner, by the corre- 
spondence of the distant portions. The most remark- 
able instances of this nature, in our own island, occur 
an the western coast of Hossshire. Here, a compli- 
cated group of mountains, consisting of nearly hori- 
zontal sandstone, is based on gneiss and shaped into 
independent masses and cones, with intervening chasms 
and valleyt, or extensive open tracts, of mere gneiss, 
often of many miles in extent. And while, through- 
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out this wide space, the base varies in height, or un- 
dulateSj so that the lower portions of the sandstone 
occupy different levels, the suinniits of all the moun- 
tains range at an average general height of ahout 3000 
feet. Among these, Ben More forms a solid and ex- 
tensive mass; while Coiil beg, SuU vcinn, and others, 
the first a mere peak, are separated by many miles 
from al! the other portions. It is impossible to avoid 
inferring that a continuous bed of sandstone once 
covered the whole: the divisions of the strata in these 
separate mountains corresponding accurately in level, 
while no instance of a position more angular occurs; 
and the summits, everywhere, bearing the usual marks 
of waste. They have all therefore been shaped out 
of a continuous massj or the intermediate country 
has been denudated, and that to a great extent. 

This kind of denudation is, in other cases, rendered 
sensible by the correspondences of peculiar strata, in 
a particular order, at considerable distances. Thus^ 
at Pittsburgh in Pennsylvania, whatever the caua 
may there have been, coal is found occupying distani 
summits, or opposite sides of a valley; but we necC 
not go further than our own islands for a very striking 
instance of this fact. In Morven, several mountain 
summits of gneiss arc covered with insulated masses, 
consisting of slender portions of secondary horizontal 
strata with coal, surmounted by trap; the whole 
having been evidently connected, before tbat land tOM 
the loss of which they owe their present extraordinary 
position was removed. 

In other instances, we tiud indications of similai 
losses, without such marks of the spaces and depths^ 
they once occupied. In such cases, the denudations; 
are sometimes inferred from the absence of the super- 
ficial strata in a particular district, when they are pre- 
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sent ID a neighbouring one; but the conclusion is 
much strengthened when we see tracts of loose mate- 
rials that have been produced from their destruction. 
Thus the dark brown trap soils of the central parts of 
Scotland, prove the former existence of such rocks iu 
those places: while, when small and detached portions 
of the rock are found scattered about a country, hear- 
ing such traces of decomposition, the certainty be- 
comes almost absolute; and thus also are we enabled 
to approximate, at least, to the former depth as well 
us extent of the rock which has disappeared. In the 
same wav, we must believe that the saline sands of 
the several Deserts are the produce of that " red 
marl" which still exists in a sufficient number of places 
to indicate thus much, at least, of denudation in those 
countries. I need not now, I hope, answer the spe- 
culation of a well-known Theorist, which asserts that 
these are the unconsolidated bottom of the antieat 
ocean. Similar also are many cases of alluvia foreign 
to the substratum, found on gneiss and other rocks; 
marking equally the denudation of which they arc the 
remains. Among these, are the alluvial gravels which 
have often been attributed to transportation, antient 
or recent, as the theory of each observer inchncd him. 
The different cases may not always be easy to distin- 
guish : but, unquestionably, many of them are the re- 
mains of rocks which have been demolished under 
some process of denudation. Such, probably, are the 
gravel beds of England: but this subject is more par- 
ticularly examined in the chapter ou alluvia. 

Englaud seems to present uumy indications of that 
denudation where the loss is so complete that no traces 
of the strata remain. This at least may be inferred 
as to many of the upper oucs which \vc might expect 
to liiid, where there is nothiug to indicate that they 
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were not originally deposited in those places as else- 
where. It is proved, among 'inclined and incurvated 
strata, when the outer and lower beds are wanting in 
a tract of concave strata, and the outer but upper ones 
in a convex series. Thus, at Crowborough bill in Sussex, 
the strata above the ferruginous sand arc deficient on 
each side ; while, near London, the deficient strata are 
those beneath the clay- Althongh in England, in 
many places, a great depth of stratified rocks lies above 
the coal series, they disappear in Scotland ; whence, 
in that country, it is almost every where uppermost. 
We cannot indeed prove that it has not always been 
so ; but from the great loss of strata in this part of 
the island, the contrary is most probable. 

There is one evidence of denudation, which, thongh 
limited to a fewtracts, demands notice, especially, here, 
from indicating a cause which has been either unsus- 
pected, or lo which very inferior powers to that which 
it possesses have been assigned. This is the persist- 
ence of Trap veins, much more rarely of granite ones, 
'"after the surrounding strata have disappeared : thus 
remaining an index, if not a measure, of that waste 
which their harder nature has enabled them to resist. 
Near Conirie, two of these, of great dimensions, hold 
a parallel course for many miles, rising high, in many 
places, above the surrounding land; and, in the great 
Cumbray, one not less remarkable from its curvature 
than its elevation, crosses the island ; a magnificent 
wall from the hand of Nature, and a beacon of the 
waste which the iriclnding sandstone has experienced. 
A similar one in Isla, holding its uninterrnpted course 
over hill and valley, prndnccs, at first, the deceptive 
effect of some gigantic work of architecture. But 
none are so striking as that great wall of pitcbstonc 
which forms the Scnir of Egg ; a deserted vein, indi- 
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eating the destruction of tlie eurroundiiig land, and to 
a depth which, in some places, reaches to six hundred 
feet ; while the total loss may well be much more, 
unless we could suppose that the vein itself had under- 
gone no vertical diminution. All these, and more 
that I might name, indicate that cause which I shall 
immediately attempt to assign ; the following instances 
are but proofs of that tedious action of the sea which 
I have already examined. I note them here, for the 
purpose of teaching young geologists the necessity of 
attending to causes, in reporting identical appearances. 
From Loch Craignish northwards, the shore is crowded 
with them, projecting towards the sea, like huge walls, 
and sometimes reaching to a hundred feet in height. 
In Sky and in Mull, they are still more remarkable ; 
being covered, in the latter island, with ivy, and giving 
root to shrubs and flowers, so as to resemble those 
ruins of antient castles which occur in similar situations. 

In some countries, certain tracts appear to have 
suflfered more from this process than others, though 
no obvious reason can be assigned. Such seems to 
be the case in many parts of England ; but that por- 
tion of Scotland which is included between the Murray 
firth and that of the Forth, shows it in the most 
striking manner. The great trap range of the Campsie 
and the Ochils, begins to show marks of waste as it 
passes Perth ; while, in advancing further eastward, it 
gradually vanishes : the marks of its former extent 
remaining, in the indications already mentioned, as far 
as Stonehaven and Montrose. Thus also, in Aberdeen- 
shire, the stratified rocks are removed down to the 
surface of the granite ; as if this part of the island had 
been exposed to some causes of destruction from Avhich 
the western was exempted. 

If I need not illusitratc this subject of denudation by 
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further examples or varieties, it remains to enquire iuta 
the causes which have hecn assigned for it. The or- 
dinary action of running water on the surface is the 
first and most obvious of these. So great, it is said, 
have been the changes of the surface since rivers began 
to flow, that we can scarcely say where they might not 
have flowed, or what they might not have destroyed. 
Yet I know not by what possible system of waters, in 
any state of our island which can be iuijigined, the 
sandstone mountains of Rossshire could have been cut 
out of a solid stratum. It is equally impossible, on 
this principle, to account for the peculiar deimdation 
of the east side of Scotland, where the present rivers. 
Tinder any imaginable former bulk, or under any 
changes of place, seem insutficient for this purpose. It 
is not within my plan to examine visionary causes. 
Appulses of comets, or whatever else, must be sought 
where they are to be found, by those who seek what 1 
do not : the present pursuit is Knowledge. I do not 
however see how some of the appearances in question 
can be explained by aught but currents. more extensive 
and powerful than any rivers could have produced ; 
whilcj as to other cases, it must be left to the observer 
himself to apply this solution to those in which he may 
think it adequate, as it probably is in that of Pittsburgh, 
just quoted. But, of such currents, I can say no 
more than I have done already. I can discover no 
reasonable cause for them but the elevations of strata ; 
while those accumulations of alluvna which are inex- 
plicable under any conceivable system of rivers, may 
often indicate the direction of such a current. Yet 
even this gives us little assistance, unless we can ex- 
plain how a current of this nature, even aided by stones 
in motion, could effect, on whole mountains, in a very 
limited time, what a mountain torrent, burelv not less 
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powerful Within its confined range, requires ages to 
perform on a narrow line of surface. I believe that 
this is long likely to continue one of the greatest difti- 
colties in Geology. 

The decomposition of str;itii in situ, and the tedious 
action of rains, producing a gradual flow of water on 
the surface, will probably account for many of the 
denudations which occupy large spaces without ex- 
tending to great depths : such as those which occur 
among the strata of England ; while also, as I helieve, 
they account lor many more. To that preparatory 
cause, however, must he added the usual waste of 
rocks through atmospheric agencies : and, if I mis- 
take not, the great denudations of Trap in Scotland 
can be explained in this simple manner. That it is a 
great power, though tedious in its ejects, I have al- 
ready said ; and if it be that which has lowered Egg, 
for example, I know not what it might not effect. 
Nor do such cases admit of any other ; because the 
remaining veins, or protruding rocks, of whatever na- 
ture, are often so slight and feelile that no power ca- 
pable of removing the surrounding land quickly, could 
have left them standing. The great vein of Curabray, 
formed of transverse columns which the hnnian hand 
can remove, could not have resisted the least force of 
water, nor could the Cheese-wring of Cornwalh The 
power in question is indeed feeble, as the action has 
been tedious ; but it is never-ending, and it is sure ; 
as it is the very agent prtjvided for a great Final Cause, 
the perpetual renovation of Soil. And if we vvitnessr 
it in these cases, so do we iu others, where a summit 
of some harder I'ock, or even an insiilated and casual 
stone, will often protect a whole cone of feeble land, 
where a neighbouring portion, not thus guarded, is 
wasted away. Having thus the most absolute demon- 
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Btration of the power, and the very great power, of this 
most simple cause, so ranch overlooked, we may siifely 
apply it where no such evidence remains, and thus 
admit Rain and its consequences as one of the great] 
agents in denudation. 

I can suggest but one more cause, and it is connected' 
with the present one. If it has a hypothetical ap- 
pearance, it is consistent with the laws of philosophical 
Theory to suggest probable consequences from causes! 
that can be inferred, though not proved. The reasons 
have long since appeared, for a state of heat in the 
waters which must have been attended by an extrava- 
gant evaporation; while the results have been admitted 
very generally, though I may suppress all that has 
been said respecting a chaotic atmosphere. Corre- 
sponding descents of rain must have been the inevita- 
ble consequence; while something analogous occurs 
in the case of volcanic eruptions: and thus is there a^H 
power capable of producing the same effects, but to a far ^j 
greater extent; as it is also one which aids in solving 
many of the difficult facts relating to alluvia. If I 
did not suggest it formerly in speaking of Currents, 
it is that I reserved it for this fitter place ; while I need 
not say how it can be applied in aid of those causes 
of great movements of waters on the surface of the 
Earth which have been already suggested. 

On Changes in the Depth and Level of the Sea. 

As the outline of the sea varies, in consequence of the 
transportation of the land, so does its depth. But as our 
leans of determining that variation are limited to the 
shores and the shallower seas, we are unable to trace 
thatdistributionof the marine alluvia along the bottom, 
which can however often be inferred from circum- 
stances. Though much of the materials brought down 



I 



OF THE SEA AND LAND. 



43 



rivers ii deposited at their entrances, much also is 
moved to greater distances, by the influence of tides and 
currents. This takes place principally with the lighter 
materials, the finer sand and mud; while the work of 
the waves is to pulverize the coarser deposits, which 
would otherwise ao accumulate as to encumber every sea 
shore. Losing much of their specific gravity by im- 
mersion, and rcudcred further buoyant by the increased 
ratio of their surfaces to their bulks, these become very 
moveable ; while their facility of transportation is in- 
creased by the declivity of the bottom, on which tliey 
necessarily tend to the point of rest. And that these 
materials do thus travel to great distances from the land, 
we know from soundings ; which, except in occasional 
rocky ground, always bring up clay, sand, and fragments 
of rock ; while, if we cannot ascertain their depths, the 
penetration of the lead-line through them has has often 
been known to exceed twelve feet. If the Dogger Bank 
is entirely composed of such materials, their depth, in 
this case, is ascertained to reach to nearly eighty feet. 
But our iujperfect means of examination do not compel 
OS to limit the range of either depth or extent. We know 
not where the distribution can cease ; while, even to 
twelve feet, time may add an indefinite depth. In the 
shallower seas, the effects are far more within the reach 
of examination ; and thus it has been computed that 
the Baltic shoals at the rate of forty inches in a cen- 
tury, an effect, however, of which the true cause is 
disputed, and that in the Yellow Sea of China, the 
process is so rapid as to allow a time to be fixed for its 
filling np. But, the data are rarely sufficient for such 
conclusions : since the continued transference of the 
materials renders it impossible to depend on distant 
inferences from given soundings. Sand-banks consti- 
tute the obvious proof of the power of the sea in trans- 
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sutjuiarinc alluvia, and in niodifying ihiAr 
forms. The changes which these undergo arc well 
known to mariners ; as is their gradual increase, from 
t!ic accession of materials ; whence it is, that after the 
lapse of a few years, they require fresh soundings and 
buoysj especially in such narrow channels as our own- 
It is easy to understand how the deposition of mud and 
sand may be determined by peculiar forms in the land, 
producing a state of comparative repose at some point ; 
or]|throngh an eddy, from the combination of such forms 
with the tides. Thus is the Dogger Bank determined 
by the meeting of these, as is that oft" Cape Rath, and 
those in the Irish ChanneL The Great Bank of New- 
foundland is the produce of the Gulf stream; as those 
off the mouth of the Baltic are produced by the cur- 
rent flowing out of this confined sea. 

The greater movements of the ocean appear to be the 
leading causes of the distribution of submarine alluvia. 
It is now known to include a system of established cur- 
rents, mutually connected and permanent. Their im- 
portant services in equalizing its temperature belong to 
another department of natural philosophy ; but they 
seem not less to interest the geologist, by producing the 
effects under review. I may refer to Kennel for the de- 
tails of that great current which, traced from the East- 
ern Coast of Africa, passes the Cape of Good Hope 
into the great ocean, proceeding to the North-west 
along the African shorg, with a breadth which exceeds 
a thousand miles near the parallel of St. Helena : 
whence, joining one from the North, they unite aiid turn 
to the South-west, upon the American Coast. Meeting 
utCapeSt.Roque with another running northwards, il 
falls into the (iulf of Florida, producing the gulf strcamJ 
which running northward, at length stretches across t( 
Britain, dcposiling on our islands the buoyant produce 
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of those countries ; when proceeding down tlio coast 
of Spain to Africa, it completes that round which main- 
tains a perpetual circulation of the waters tliroitghoiit 
a large portion of the glohc. If these currents have not 
yet been thoroughly isvestigated in other parts of the 
ocean, there is abundant evidenceoftlieir existence every 
where, with suthcicnt proof of their power in distri-^, 
bating the submarine alluvia, in the facts already men- 
tioned respecting the shores of Mexico. But this power 
in the ocean is visible, in comparing those rivers which 
produce neither islands nor deltas, with those in which 
these occur. The Congo, the Plata, tlie Oroonoko, the 
Marauon, and many others, cuter the ocean, deep and 
bold, unattended by those obstructions which charac- 
terize the Nile, the Euphrates, the Wolga, and the Da- 
nube; yet they do not convey less earth in proportion, 
as is evident in the lateral plains which they have pro- . 
duced": while this difference of result umst l)e sought in 
the ocean currents which the former meet at their junc-. 
tions with the sea : thus indicating the mode in which 
the materials, which would otherwise accumulate to 
shallow their aestuaries, are disposed of. The slightest 
geographical knowledge will show these differences be- 
tween the Congo and the Plata, contrasted with the Nile 
and the Danube : and these obvious considerations, 
■which any one can localize, will explain the various cir- 
cumstances attending our several European rivers, and 
the positions of their subaqueous alluvia. That wh'ch 
cannot be at rest in their own tcstuarics, must collect in 
L the lee parts of the broader channels, or at the points 

■ of repose between tide streams. »- 
I Alittle reflection on the laws which regulate the movc- 

■ uients of water in narrow channels and determine the 
I equilibrium in different places, will now show that the, 
I formof the bottom cannot thus be changed, without pro- 
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dacing an effect on the level of the water which fl 
through it. Hence that of the sea heconics affected in 
particular channels, and also differently affected in dif- 
ferent places. Thus, in rising, it encroaches on the 
land, while the land, from the causes just exarnined, is 
also encroaching on the sea ; a douhle, and apparently 
opposite effect, resulting from a common cause, while 
leading to disputes which a little knowletlge might have 
prevented. Were there no currents or tides, and were 
the ocean in a state of absolute rest and equilibrium, 
its level would unquestionably be every where raised by 
the gradual addition of earth to its bottoraand its shores. 
But, compared to its great depth and extent, this can 
produce no sensible effect ; and it is therefore to the de- 
position of earth in tide-ways or currents, that the ele- 
vations of the level of the sea are to be attributed ; ex- 
cept, as must be obvious, in the case of an inclosed sea. 
The truth of this reasoning is confirmed by observa- 
tion : but encroachments of the sea may also follow 
from the subsidence of the shores, or from their waste, 
as must be obvious. In examining different examples 
of these changes, we may, by attending to these consi- 
derations, succeed in separating the different causes 
whence they have originated ; and thus, often clear the 
general question respecting the changes of the earth's 
surface, from the obscurity in which it has been in- 
volved by those who would admit only one cause, as 
well as by those who have confused themselves through 
ignorance or misapprehension. 

But if the chief obscr\'ed variations in the level of 
the sea consist in its depression, this expression pre- 
judges the cause : the variation in question being that 
of the relative position, at different periods, of the 
common line which bounds the land and the water. 
Such a rhange may arise from four causes ; namely. 
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ncrease of depth or capacity in the bed of the 
ocean, an increase of depth in ceitain narrow seas and 
channels, a general diminution of the waters of the 
globe, and lastly, an elevation of the land. It must 
therefore be evident, that as there are canses which 
tend both to elevate and to depress the apparent level 
of the sea, the eftl'cts may often be very complicated, 
whatever these causes may be. They may neutralize 
each other in the same places, they may act in oppo- 
site ways on different shores, or they may alternate, 
both in time and place. Hence we may often explain 
the contradictory testimonies of geographers on these 
stibjects, and perceive also the difficulties in which the 
observations are involved. A few recorded examples 
of such changes will suffice for illustration ; nor in- 
deed arc there many to be procured. 

The relative changes of the level of the sea and land 
on the northern shores of Europe, have been repre- 
sented, by some writers, as having operated in one 
direction, by others in the reverse. Celsius first said 
that the Baltic was gradually lowering, and he was 
followed by Linnaeus, Wallerius, and others; while 
Von Buch has made the same remark respecting the 
gulf of Bothnia. This has been denied by Browal, 
Kalm, Breislak, and De Luc; and hence the testimony 
of the whole has been doubted by those who admit of 
no change but the gradual depression of the sea ; 
while I have given reasons for supposing that both 
parties are right, and that, at different times and 
places, there have been both elevations and depressions 
of the sea line. And, that the sea line has, at some 
periods, risen on the coasts of Holland and the neigh- 
bouring country, is confirmed by corresponding ob- 
servations on our own eastern shores. The submerged 
forest of Lincolnshire is a sufhcien 
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jj.^.^v ..^.^ ......■■ .1 „..o once; and siniilar 

alterations have been ascertained on other parts of tho 
eastern coa^t, proving, that within a time which can- 
not however be fixed, the general level of the German 
ocean has been raised ou our shores, ami probahlv 
therefore on the opposite ones: thmigh, as the land 
itself varies in height, this does not necessarily follow. 
But as I shall soon show that this very sea line was 
formerly higher, there must have been a succession of 
changes in it, in opposite directions ; the first, of 
which we have any evidence, consisting in an apparent 
depression, and the last in an elevation of the 
sea. Thus arc illustrated the similar changes said 
to have occurred on the coast of Holland and on 
that of Lincolnshire; where the facts prove that the 
sea formerly reached farmland, while it afterwards re- 
tired, to rise again. And this last change, consisting 
in the elevation of the sea line, is not limited to our 
eastern coast; if we may trust to similar evidence on 
the western, furnished by the submerged forests of 
Mann and Somersetshire. 

It is certainly possible that this apparent elevation 
of the sea may arise from the depression of the land, 
as appears to be the case in the Mediterranean; but 
Mr. Playfair, who has principally defended this view, 
seems strangely to have excluded that cause with 
which, as a mathematician, he must have been fami- 
liar, while otherwise consistent with hisvicvvs respect- 
ing submarine deposits. He very properly remarks, 
that in an ocean at rest, the sea must find a common 
level, and no such partial elevation could be sensible; 
but when he overlooks the obvious hydrostatical con- 
sequences resulting from the propulsion of the tide 
streams through diminishing channels, we can only 
explain the oversight by an anxiety respecting a fa- 
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rouritc priiK-ipU', Even honco, ho must have known, 
arises that diffcicuce of level between our eastern uud 
western waters, whieh is (ienionstrated by the lockage 
of onr Canals. 

The alterations of the sea hne in certain parts of 
the Meiliterrauean have attracted much attention ; and 
HO JsinaJl ingenuity liajs been exerted to avoid conclu- 
sions supported by too much collateral evidence to he 
rejected. If authors do not always agree respecting 
the facta, it must be attributed to some bias in favour 
of their own systems. The observations of Fortis, 
Manfredi, and Zandxini, show that it is rising; and 
Manfredi, in particular, has ascertained that the sea 
line of the Adriatic continued to rise from the begin- 
ning of the Christian a.'ra to the middle of the last 
century. This was determined by the pavement of 
the Cathedral of Ravenna, now a foot beneath the 
level of the sea, and by corresponding observations at 
Venice. The same cpnclusions have been drawn by 
Breislak, from some Roman works near Baiae and 
Naples, now submerged, though unquestionably built 
on dry land ; consisting in the remains of an antient 
road,* some buildings of the Porto Juho, some columns 
at the foot of Monte Nuovo, the pavement of the 
Temple of Serapis, and the ruins of the palace of 
Tiberius in Caprcae, now entirely covered by the sea. 
It is also important to note, that in the columns of 
the Temple of Serapis, pholades have perforated the 
marble at a height of five or six feet above the present 
level : and, in the ruins near Monte Nuovo, at an ele- 
vation of sixteen feet above the ground- Hence the 
sea-line, once inferior to the bases of these buildings, 
has risen to the height of sixteen feet above its present 
elevatioH, and again subsided to one inferior to that 
which it now maintains, while supposed to he again 
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rising. Thence is drawn t]ic important condusionj 
confirmefl by the other facts just noticed, that these 
variations of the sea line are oscillatory or variable. 

I need scarcely say that the want of a tide current 
in the Adriatic prevents ns from applying the same 
solution to its elevation as I have done in the case of 
the German Ocean, great as are the deposits which it 
receives. The anthors in question have attributed 
these facts to actual changes in the level of the sea. 
But in the Mediterranean, this could not have happened 
without leaving similar traces elsewhere : and thus the 
cause must he sought in changes of the level of the 
land ; its subsidence being the apparent elevation of 
the sea, and the reverse. And the perpendicularity of 
the buildings is not a valid ohjectionj when these 
changes must have been gradual and extensive. I have 
elsewhere shown that Italy has been subjected to such 
changes,, to an enormous extent, and that similar el 
vations occur in the Coral islands; so that it is cas 
to admit far more limited ones, and these in a tcrritor 
under the constant action of the very causes in question. 
There is a natural antipathy to admit of the move- 
ments of what wc have been accustomed to consider 
as steady, and of the comparative steadiness of that 
which we see to be in hourly motion. But let the 
ocean fluctuate as it may, it possesses a principle, re- 
storing it for ever to that mean state of repose, which 
the earth, once disturbed, cannot easily recover. If it 
be true that earthquakes no longer cause surprise in 
those who have vanquished their prejudices respecting 
the steadiness of the land, let the Geologist, at least, 
conquer the same prejudices, and he will then no longer 
tease himself by searching after every possible solutio 
of his dithculties but the real one. 

As the predominant observations, however, show, 
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tliat the sra line is, on the whole, lowering, in the places 
at least where those remarks have heen made, it has 
been concluded, by some, thut while the Mediterranean 
was rising, the Baltic, and the northern seas in general, 
were falling ; and, by others, that there was a general 
diminution of the quantity of the ocean. The de- 
pression of the sea line in the Baltic, as stated by Frisi, 
amounts to thirteen Swedish feet in the last five cen- 
turies. On our own shores, though appearing to he 
again rising, it once possessed a much greater elevation : 
and thus marine remains are found in many places far 
inland, and also far above the level of the present sea. 
In the Firth of Forth, this perpendicular difference is 
said to amount to more than thirty feet : the inland 
part of the submerged forest of Lincolnshire is a fact 
of the sauje nature, and similar ones have been observed 
at Dunkirk and on other parts of the opposise coast. 
These changes must have arisen from causes analogous 
to those acting in the Mediterranean ; the sea line 
having been depressed, because the laud was raised, 
not the sea lowered. The sea of these channels could 
not have been lowered thirty feet, without some general 
diminution of the ocean ; and the marks of this must 
therefore have been visible in many more places, or 
perhaps all over the world. I need not dwell on a 
solution so simple, and supported by so many other 
facts ; but ] must remind the reader of the connexion 
between these vacillations of the land, and the pheno- 
mena belonging to some of the tertiary deposits ; while 
they prove what 1 formerly suggested, that even at 
considerable vertical elevations above the present ocean, 
many of those to which vast mystery has been attached, 
may be only the bottom of the present sea ; demanding 
none of those imaginary " retreats," and so forth, with 
which vain speculators have encumbered themselves. 

E 2 
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If the island of Banda is grruluallj rising, as the natives, 
niipcrvcrtfd hy (it'oloyiciil theories, helieve and assert, 
the gent'ial fact can admit of no doubt. 

Thus, then, in the first place, there is no reason to 
Hup])r>sc any falling of the sea in the north, and rising 
in the Mediterranean, depending on some mysterious 
nuise, or on any whieh concerns the whole ocean ; 
while there is, eqniilly, no reason to suppose a dimi- 
nution of the quantity of the sea. To suppose that 
the hottoni of the ocean has opened and engulfed its 
waters, that the Mediterranean and other seas have 
onee heen enclosed at higher levels, and that, by the 
failure of their barriers, the general level of the ocean 
has been altered, are dreams as gratuitous and unne- 
cessary as tliey arc chamsy and inapplicable. Equally 
speculative is the notion that the mass of water on the 
earth is diminishing. Every atom of that which cir- 
culates through the great laboratory of Nature, returns 
to its parent bed, except that alone, perhaps, which is 
embodied in peat; nor were all this, and niillions of 
limes more, restored at this moment to its original 
Ntato, could it make a sensible diflerence in the bulk 
or level of the sea. I need only add, that the argu- 
nienl as lo the general diminution of the sea, derived 
Irnm tl»e elevations of the Coral islands, is nothing; 
ulncti 1 have explained these in a iimch more satisfac- 
tory manner: while the theories of Tcrtiiu-y Deposits, 
which have been founded on the same supposition, 
i>ainiul now mpiire an answer. 



(itnerul Conclusions, 

I h«Vi» lhu« examined the principal changes whic' 

l)»o nurftu'i' has undergone since the commencement 

oi till' preikcnl earth, and is now undergoing. And if 

' the hittur depentlH diii:11y ott the action of rains and 
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rivers in transporting tlie fragjncnts of rocks from 
higher to lower levels, the {^reat result is, that the 
inonntains lend continnally to the plains, and, ulti- 
mately, to tlte sea, thence never to return. If these 
actions constitute an intricate series, of which we see 
hot a small portion, yet, from their accumulated ef- 
fects, thry who have imajjined the beginning:, may also 
indulge tlieuiselves in predicting the end. As the ge- 
neral declivity diminishes, so does the ratio of destruc- 
tion ; and thus has it continued to diminish from the 
moment when the rivers first began to flow, lint as 
the inequalities of the earth waste away, so will ages 
he hereafter required to do that for which years once 
sufficed. Yet we may still imagine the ultimate ratio ; 
that point at which the forces of destruction and those 
of resistance sliall he balanced. This is the specu- 
lative period at which the eartli will become a plain, 
•when the altitude of the land will scarcely exceed that 
of the sea, and the channels of rivers shall refuse to 
conduct their waters. Offensive marshes and arid 
sands will then take the place of this fair variety of hill 
and dale, and the last chaos will be worse than the 
first. 

This is the natural death of that earth which wc 
Inhabit; a lingering decay that must strike with a 
death equally lingering, the races of vegetables and 
animals which now possess it. But it is an event to 
he contemplated only by the imagination. We have 
no reason to look forward to what rests on a partial 
view^ of this^beautiful system ; a system displaying the 
goodness, not less than the wisdom of its Author;, 
teaching us how He educes good from evil, how He 
brings order out of destruction. Wc ongfit not to believe 
that such evil was within His plan; and if we thus 
reason on the old age and decay of the earth, so do wc 
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pOKrivc that scheme of beneficence, by which it ap- 
ycMn to be ordered that this event shall not happen. 

1 have already shown that successive revolutions 
had orcurrctl, long before the mountains bad been 
htvelled: while stifl the earth retained those inee|ualities 
wilbtnit wlii( h the rains could not have been conducted 
to the si-a, without which they would not even have 
dchcended as they tkvw do, on the earth. In no in- 
Htimce* have we reason to think that the natural decay 
(if the existinfj: system had taken place, that the earth 
was rendered unfit for the habitation of animals before 
jiH hubversioti, or that its racea bad been gradually 
mirtired In expire as the world was decaying around 
t belli. ( )in' own earth will never therefore arrive at 
(lie pobhible state contemplated in the preceding para- 
ifrapb. Lou^ ere that, wc have reason to expect that 
violiMil diiitli of the present system which every con- 
Nidtfillioti hIiows us to be the most beneficent, and by 
MlVJUIt which our knowledge of the past enables us to 
^ktign. An<l an mnilogy teaches us that this event will 
tiiKo pliU'c wliilr the nmchinery of the earth is yet un- 
UMIMlih^ili no it informs us that the catastrophe will be 
VltMt)!)! Mild ««»niplete. Let that day come when it 
\\\M% Wf liHVn lenHou to think that it will terminate 
Vho O^Utl'nen of all tlie races of terrestrial beings. 
\\\\% wv nniy believe from physical analogies alone: 
(iV lul\'irlli^ ill'' |)rngie,ssion from the precedence of aH 
Ult^'b^a of iliiiiliir iukI coiicatcuated events. Thus Geo-fl 
I^Mf vitnlli'mt ibr important truth, that the destruc- 
\\\y\\ \\\ lh»« >V(uld. in which we are taught to believe, 
UlvKv*b'Mlly pi'iihiiblif : iiH it also teaches us that it is one 
\S\S\ ul' U |ti(*u( oorit^M of gimilar events by which this 

(t\\\\\\'* ht»* hlllierlo been regulated. The former revo- 
\0I«»«« UM* <h«' lV|»eN of tluit which wc are ordered to 
vijM'i 1 1 \\\H \» ll dilKu ull to imagine what the nature 
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of these catastrophes has becD, and what the coming 
ooe will be. 

In a moral view, that Last Day is a special act of 
the Divine interposition. Yet as the 6 nal catastrophe 
of this oor earth is but one out of a number of pre- 
ceding and similar events, we arcentitled to conclude 
that it will be efl'ected, like the past, by secondary 
causes, by piowers which have been prepared from the 
beginning; and which, if they are beyond our compre- 
hension^ are no less ordained than those which re- 
gulate the motions of the Universe, hut which are 
under the command of Him who governs as He 
created. Truly does Newton say, what all who ever 
thought seriously, have thought not less than he; that 
" the growth of new systems out of old ones without 
the mediation of a Divine Power, is absurd:" but they 
who quote him w^hom they cannot read, and on sub- 
jects which they do not understand, to prove that no 
secondary causes have acted in the formation of the 
Earth, have forgotten that Newton himself sought for 
a secondary cause of Gravitation. If, when he called 
it " unphilosophical to pretend that this earth might 
rise out of chaos by the mere laws of nature," he in- 
tended what his ignorant commentators suppose, not 
even the name of Newton can be authority against facts, 
and, above all, on a subject which he did not know; 
were it not even opposed to all that we see of the pro- 
ceedings of the Deity. The w^orld has arisen" out 
of chaos" more than once, and by the " mere laws of 
Nature:" but He who created Nature created its Laws; 
and He who appointed them npholds them daily, and 
commands them to act as it pleases Him. There is 
no collision between the purrest Piety and the sound- 
est Philosophy: it is they who pretend to the one, and 
possess not the other, who are the banc of both. 
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Geologists have been accused, and justly, of impro- 
perly mixing their physical enquiries with the history 
of the earth as deliveredintheScicred writings. Bntthis 
is because they have attempted toaccount for that which 
iiea beyond the reach of investigation, and also to explain 
it by evidence equally misapprehended and misapplied. 
This is alike injurious to the cause of Religion and to that 
of Philosophy. But a juster view of the nature and 
limits of Geological science, is subject to no such cen- 
sure. Abandoning all pretensions to explain the in- 
explicable, and to reconcile the irreconcileable, it is 
content with tracing the series of visible causes and 
effects, with pointing out analogies, and indicating 
the inferences to which they lead. This is far dif- 
ferent from that ignorance which would fain prove the 
truth of Scripture by physical evidence, or the weak- 
ness that would found a system of natural philosophy 
on the Sacred writings. The preceding subject, with 
a future i-enovation of the Earth from the materials 
of the present, is not beyond reach of human reason- 
ing, until it can be shown that the past history of the 
Earth is a vision. And if such a catastrophe be es- 
sential to the total welfare of the earth and its inhabi- 
tants, one among the laws which regulate the govern- 
ment of the Universe, if it is that act of mercy, not of 
vindictive justice which I have shown it to be, be- 
speaking, like the more ordinary course of nature, the 
goodness and the wisdom, not less than the power, of 
the Deity, then does Geology serve the cause of Re- 
ligion through its own powers, instead of meriting the 
ignorant persecution which it has experienced fromi 
the fanatical ignorant. Let the censure be directed to 
those who have taken improper views of it. The study 
of nature will never lead to inipiety; nor can Truth 
ever oppose Truth : the more the universe is examined. 




betwren die first and (ho last stages of tliis Cilohe: 
constituting the progroMsion of tlic Earth, and indicat- 
ing, much more denionstrahly, these attiibntcs of the 
Author of the Universe. I'hey have fonned the sub- 
jects of this chapter: hut I should neither do justice 
to Geology, nor perform that duty whicli all Natural 
history owes, if I did not, though hut briefly, show 
how they ilhistrate those. 

I have shown in the hist cliapter, that tlie constant 
augmentation of limestone in the present earth will 
become the cause of a better subsetpient one; as I have 
traced, in all its preceding history, a steady progres- 
sion onwards, from 'a' worse to a better state. But 
that which is true of its successive forms is equally 
true of each condition. Kvery new Earth is better 
than the preceding; but every new earth is also better 
at its termination than it was at the commencement. 
I argue this from the history of our own: and that is 
the history to which I must now recur, under these 
views^of the Conduct of the Deity respecting Man. 
Yet are these the ennobling views of Nature and its 
Great Author, which ignorance and fanaticism would 
oppose, — if they know them — and which they impede 
because their minds are too narrow to comprehend the 
least part of the works of The Incomprehensible. 

The present Earth is enlarging in extent and im- 
proving in fertility : thus has it progressively enlarged 
and improved since the day on which it was first ar- 
ranged : and thus will it continue to enlarge and im- 
prove till the period of its destiny shall arrive. And 
the physical history of the Earth is the Moral history 
of Man : while even Man himself becomes, in the 
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bounds of his Creator, a secondary cause to aid in this 
progressive mclioriition- The barren mountain gene- 
rates the fertile plain : the solid earth itself, which 
must form the dwelling place of Man, is enlarged, and 
tliat rock on which he niuat have perished, could he 
even have been produced, becomes the source of his 
increase and of his happiness. And does not Man too 
here aid himself? moved by that force which his folly 
has thought an evil, but which He of all Wisdom has 
appointed, to continue His own plans, and to add to 
the happiness and numbers of His Creation. America, 
Netv Holland, Siberia, will tell us what the earth was 
without man, what it would have been without the 
toils of man. What we cannot do. He, who knows 
and does what is right, does for us : the rest He has 
wisely left to ourselves; and the result is the Earth 
which we see, which our posterity will see a far other 
Earth than it now is. 

■ It is true, it is an unfortunate truth, that man tends 
to multiply beyond his means of existence: but let it not 
be said that this has not been provided for, as it was 
foreseen ; if, as of course, under that system whichever 
leaves contingent evil attached to provisions for good: 
while, in this case, as perhaps in all others, the very 
occurrence of the evil is, like the wants of man, the 
only stimulus by which he could have been induced to 
carry on the great system of improving the earth in 
that department appointed to him, and not appointed 
beyond his powers. If the habitable and fertile earth 
does not increase with the rapidity of man's increase, 
still is it ever increasing, as it ever shall ; and thus is 
provision made for the extension of his race. Can any 
one believe that this also was not within His contem- 
plation, that it is not a portion of a plan aHkc beneficent 
and wise? 



A^ 1 



d 



OF THE SEA AND LAND. 



5y 



And is all this effected without the visible exertion 
of Power? It is; but to him only who cunnot see 
what He is doing, to him who looks on the course of 
nature as chance or necessity, and to hitn who, in see- 
ing the power of secondary causes, forgets the First. 
The preceding history of the earth teaches me another 
lesson: and may I not be exempted from detailing the 
beautiful system of machinery by which tliis system is 
cdiTied on ? in the chemical provisions hy which the 
rocks are hardened that their destruction may be gra- 
dual, and by which they are subjected to decomposition 
from the most apparently feeble causes ; in this and 
wore, and in that eternal circulation of water through 
which the remainder of this great process is effected. 
It is best that the reader should reflect for himself; 
for thus will he learn to feel what he who reads for- 
gets to think of. 

Yet before I quit this subject of the extension of 
the habitable earth, let me remind the reader of the 
Coral islands ; of that separate provision for the same 
great Final Cause, to which we know not where to 
place a limit, and which may yet double the present 
habitable surface, should it be thought necessary. 
Nor is this all. That the Creator possesses unlimited 
powers, we know ; but that which we cannot see or 
conjecture, is, in Physical reasoning, as if it was not. 
But we can see that there is a power in His hand 
which He has used from all times, which He is using 
now, and with which, whenever He pleases, under no 
other interference than we daily see, He may, in one 
short year or month, render fertile a wide extent of 
of that desolation which shortsightedness has termed 
hopeless. And who shall say that even this may not 
be within His plans, seeing what they arc, knowing 
bow He effects them r Archimedes asked but for a 
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fulernm, thtit he nii^ht move the earth : may a Mo- 
dern now €larc to say, — place the eommand of Veilca.- 
nie power in my hand, and I will render the Sahara™ 
as fertile as the declivities of the Athis. ^M 

As. the hijfh anti(|uity of the glohe Img heen demon- ' 
strated in the last chapter, from geological evidences, so J 
has a long period of time heen assigned to the present 
earth ; to that condition which has succeeded to the last 
great revolntions. This is argued from the tardiness of 
the actions of rivers, and from the tnagnitnde of the I 
eiFccts attrihuted to them. Geologists have endeavonred 
to compute that antiquity by various means, often by 
very childisli "chronometers," when deposits of peat and 
accumnlations'of stalactites, have been addnced as mea- ! 
siires of time. Thus also by measuring the annual depth 
of earth deposited in the valley of Egypt, it has been at- 
tempted to fix the period at whicii the Nile began to 
flow. But this is equally vain ; since the multitude of 
nipdifying causes must render all such deposits useless, 
even as the means of an approximation, independently 
of the fact that all are not the produce of rivers. Nor 
need I state the difficulty of making such an approxi- 
mation from the fresh water formations; while it must 
always be recollected that no conclusions of this nature 
ueed interfere with the historical period of the Creation 
of man, since this event is totally independent of the i 
geological history of even the present earth. ^M 

In treat! ngof the precedingsubjects,it became impos- 
sible to avoid those questions on which no onecan enter, 
without a deep sense of their grave and serious nature. 
So implicated is geology in the history of Creation, that 
those higher investigations, which can alone confer on 
it that dignity from which it has unjustly been excluded, 
must otherwise have been abandoned. Nor could it have 
been avoided for other reasons : since the ignorant at- 
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tacks on a science so truly pure of all possihlf offence 
to rolifrion, dcniund that jinswcr which is as simple as 
it is satisi'lictory ; even thou{j;h its cultivators hhould de- 
spise the united malignity, ignorance, and presumption, 
by which they have heen assailed to this hour. 

I'he time when a correct view of the system nf the 
uiiiverae was deemed an act of impiety ouyht to he past. 
No one now fears to declare his belief in that which it 
was left for the most pious of philosophers to prove; 
and geology demands no other liberty than astronomy. 
" These are things," says Burnet "which sat uneasy 
upon the spirits of even the best men who took time to 
think ; but in things," to pursue the words of the same 
writer, " which are no ingredients of our faith, it is free 
to differ from one another in our opinions and senti- 
ments." The Sacred Writings form a connected sys- 
tem, the evident design of which is the promulgation of 
a true religion, and the moral regulation of mankind. 
If, most necessarily, as regards the Christian dispensa- 
tion, they trace backivards to the origin of man him- 
, self, that origin was not delivered to us as a standard 
and rule of science. In no place has it been the object 
of Scripture to reveal the principles of natural philoso- 
phy; and if none but a Hutchinson can suppose that 
its expressions were meant to restrain us on those sub- 
jects, with great injustice has any part of nature been 
selected for this exclusion. The law which compels 
geology to abide by a standard that was not delivered, 
is the law that condemned Galiko. If the history of 
creation was not given as the rule of astronomical 
science, neither can it have been pronjulgated as that 
of geology. That of our globe stands on the same 
ground as that of the solar system, on the same as that 
of the universe. No theory can reconcile the rigid 
words of the narrative with the deuionstiatfons of as- 
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tronoinv. «.c oa:^ ^^nm^^c, admit that the dUmeter 
of a c:nlo i> tlu- ih:ri cf i> cirramfen-oce : itisnoafl- 
dition T.^ i»u>c- >or:-Tur-: difficulties, if injudiaojM per- 
son* uiU ihink Tb.iu >«cL.tbat its words flhouW prow 
incapiMo oi Wmc Tc.^^u.ucd to the facts of geology. 

But it is onlv ior ;iii antiquity prior to the creatioii 
of man, that ctx^logv a>i*. From that moment it » «- 
conciWablo io\hc *aiTc>d chronolocy. The MoM^ao^ 
count is obYiou>lv dra^-n up with reference chiefly t^ 
the human race, and thore is nothing in thediscovew^ 
and inferenixw of this science inconsistent with it. ^ 
cause of truih can ne\er be injured by the porsui 
truth. But it is injured by isrnorance, and violence, and 
persecution : and even the rause of faith suffers in the 
rash hands of those, who. by overweening seal, ^J^^P* 
to extend its reign over that, for a mlc of which the 
Scripture was not delivered. 

Yet, as there are persons who, from causes much less 
pardonable than ignorance, or presumption, or v«ni y» 
continue to cast the severest of reproaches, not only ou 
this science but on its cultivators, 1 may fairly enquire 
whether even the words of that narrative are thus po- 
sitive and exclusive. They who have attempted a con- 
ciliation, by altering the lengths of the periods, have 
taken an unnecessary, as well as an unwarrantable u- 
lierty of interpretation ; since they thus wrest the plam 
words of Scripture to their own evil purposes; too ig- 
norant to percuivethe unbounded hazard of such a prin- 
ciple. And it may surprise them to be told, boastful 
tM they litiVit been, that they have not even read, with 
mideriitunding.the plainest passages of a Book which is 
morn often read than considered, and much too often 
for tliij purpose of confirming a religious hypothe- 
dOt for discovering the truth. 
Jl thut geology requires for the utmost scope of its 



OF THE 8SA AND LAND. 6,'i 

ivcstigations, h coinprispd in the time whiclt is 
iucluded in the first and second versos of tlie history. 
This is the undefined period with which it is alone rcin- 
cerned; and if the time be truly here indefinite, the 
diificulty is solved. It was " In the beginning" that 
"the heavens and the earth" were created ; l)nt it is not 
said that the production of light, and the conimeuee- 
nient of order in the vacant and shapeless mass, were 
simultaneous or immediately consequetit. The histo- 
rian has left the interval between the creation of the 
universe, and that of light indefinite ; as he is silent on 
what may have occurred : an<l here science is free to 
pursue the investigation by its own rules. There might 
have been many worlds, and animals in those worlds, 
before the chaotic state described, because that is not 
excluded by his silence ; and this is precisely what geo- 
logy is capable of proving. 

This interpretation is obvious, even in our own trans- 
lation : it appears still more so in the original. " In the 
beginning Elohim created the heavens and the earth." 
This is a completed period, in the sense ; and the very 
term itself seems equally to refer to a period ivhich is 
not defined. " And the earth was without form, and 
void." This is a subsequent condition, distinct from the 
act of creation, the mention of which seems only a ge- 
neral acknowledgement of the Almighty power ; and it 
is that state whence the habitable world is to be made 
or prepared. And it must be remarked, that in the se- 
cond chapter, the word prepared, or fitted, is as appli- 
cable to the original as the term made ; as if implying 
that tlie chaotic earth had been adapted, not produced, 
at tliat period. 

That the original creation, and the subsequent ar- 
rangement, were viewed as different by the historian 
himself, seems also to follow from the expressions used ; 
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corifiriiiins; the opinion that he is spoukiiig: indefinitely 
in tht' first verses, and that, in the subsequent account, 
he hiis cuumienced the history of onr present earth. 
The word first used is " Baraa," which means, literally, 
to create, or to call from non-existence into existence. 
This verh is atrain nsed when man and when whales 
are created, as this was a real creation ; hut the terui 
Yaas is applied to other cases. It is another proof that 
the period of the original creation is intended to he in- 
definite, when we find the verb "Baraa" used in the 
absolute .past, while all the verbs which follow are in 
the present or future form ; confirming; the opinion of 
tlie complete separation, in the Historian's mind, of 
those two periods ; and of the creation of the six days 
tis entirely distinct from the original creation of the 
world. That tliis was also the opinion of the Trans- 
lators of the Vulgate seems probable, from the title 
which they have given ; which, after announcing " Dc 
opere sex dicrum," proceeds to say, " Die euim primo 
facta est Inx ;" without noticing the original creation of 
the earth. They whom I am answering have read as 
Iff the heavens and the earth themselves were also ere-] 
ted on the finst day. 

If the verb which is, by some translators, in the se- 
venth verse of the second chapter, rendered "became" 
^DStcad of " is" or " be," may be thus rendered also 

lere the Tohii and Bohu, the horrible desert and 

[empty state of the earth, are described, it will con- 

fiitn the same opinion respecting the period first men* 

l^ioned ; by showing that, after the creation of the earlb, 

it is actually said to have become an uninhabited chaostj 

and it will thus sanction, still more strongly, these views 

Ltespecting the intended meaning of the Sacred Histo- 

wian, as well as those which geology has here attempted 

to establish concerning the history of the earth. 
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Classification of Rocks. 

The more general facts in Geology having thus been 
examined, under a separation, which, if not perfect, 
seems all that a System at present admits, I must 
proceed to the Second Part of this work, or to de- 
scriptions of the materials which constitute the acces- 
sible earth ; though these often entangle enquiries of 
a general nature. Unfortunately, also, they must often 
repeat things urged before ; because they comprise 
the Evidences of what has preceded. To produce a 
System from established materials, is a very simple 
task: to endeavour to build one out of materials un- 
acknowledged, unknown to others, or controverted, 
under a perpetual toil through evidences and arguments, 
is a very different labour: as it is the fate of the writer 
to pioneer that way which others soon follow; without 
acknowledgement or effort, yet not without claiming 
and receiving the praise. But I must premise some 
remarks on the Classification of these materials ; since, 
besides its practical utility, this constitutes an im- 
portant branch of Geological Philosophy. 
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It Las indeed Iicen one of the toils of Natural His- 
tory, universally, to in veut or adopt some arrangement 
of its ohjetrts for the purpose of facilitating their study; 
while if tin's minor purpose has often been answered 
by an artificial chissitication, the philosopher of another 
anihition has attempted to discover the proceedings of 
Nature herself, and thus to combine science with uti- 
lity, (fcologists may assume this praise, if they feel 
entitled to it : bnt the minuter details of this science 
arc such, and the great relations and analogies so ob- 
vious, that witUont much claim to philosophy, they 
have followed the right road, though not hitherto witli 
any peculiar success. It is my duty to commence by 
showinc: what they have done; since I shall thus, at 
Ji'ast, point out what is wanted, though I should leave 
things little better than I have found them. 

Under infinite varieties of aspect, the real and defi- 
iialde dift'ercuccs of rocks are very limited; and hence 
but few names are required, for distinguishing them. 
j'Jn a single mass, also, of one rock, bearing a fixed 
■relation to its associates in nature, the mineralogical 
characters arc subject to variations; whence a still nar- 
rower limitation of those names which a superficial 
I'ou'iideration might have applied, has been found ex- 
pi'dtent: by geologists at least of philosophical views. 
'I'hus the varieties of granite, of gneiss, and so forth, 
Imve liren niivted into mineralogical families, distin- 
gul«i|ied by n general title. If the terms, genus, and 
hpecic*, have been alternately applied to these, we may 
'lippleet ihii* parade of an inapplicable logic, by persons 
iriore familiar with words than with their purposes and 
ijitiiitations. But on such a basis may he formed a 
[iMiueralogic;al Classification of Hocks; and arrange- 
[inetus of this uattirc have been accordinglv attempted. 
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?(r«>W'it is aho fouml that certain rocks, or familirs, 
possess a cotistant or i\ prcv.iilinf; relative position in 
najurt* ; some one, among many, hoinp; the lowest, and 
some '»itber the highest. If* this arrangement were as 
perfect as has l)ecn imagined, there wonhl he a fixed 
rminerical order of succession ; or the algehraic nota- 
tion which has hcen proposed, under the most nnin- 
telligihle ignorance of the facts, would serve the pur^' 
pose of names. I have shown that there is no snch 
order; tlmugh there is a prevailing one, of some use 
in geological science. Further, however, there are 
certain prevailing associations of rocks ; sO as, among 
local or casual differences, to permit of certain general 
rfllesT while, lastly, some are always distinguished hy 
a stratified disposition, as others occur in irregular 
masses. Such facts form the hasis for a (icological 
Classification of rocks ; which, comparatively disre- 
garding their mineral characters, attempts to arrange 
them as integrant parts of the structure of the earth. 

Now it is doubtless true, that certain mineral cha- 
racters prevail, to the exclusion of others, in each of 
the rocks or families thus distinguished by geological 
relations: and if these distinctions were steady and 
perfect, a niincralogical arrangement would suffice for 
geological purposes : as, reversely, a geological one 
wubld serve for those of a mineralogical classification J 
But, to render such an arrangement uncxeeptionahlo,'' 
the geological onler of nature should itself be constant, 
wliich it is not ; while the mineralogical classification 
is not only imperfect, even in its own internal mecha- 
nism, lint at frequent variance with the geologicid one, 
as 1 have fully shown. It is therefore useless for its 
own declared objects, and pernicious when adopted 
for geological jiurposes. But as a tolerably constant 
peculiarity of mineral character attends the chief geo- 
logical divisions of rocks, a geological arrangement, 
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however iinpcrfert, is not cinly ;is valuable as a mil 
iieral one for distiniruisliinir those, but is tlecidt'dll 
superior in tlit" iiiwstig^atioii of nature. The ven 
basis of ji^eology is the knowleds^e of rocks; but ths 
knowlt'dge is of Httle value for any other purposes? 
If the mere P)inerulog'ist desires a luineralogical ar- 
rangement of tliese, he is right ; since, to him, rocks 
are hut collections of minerals. 

Loaviiiir these to him, tlierefuro, as the philosoplicr 
in botany approves a classification of caniatious with- 
out following: it, 1 must limit myself to those which 
have been intended to facilitate the study of geology, 
as declarations of the order of nature, whether truly so 
or not. A tendency to arrangement, indeed, some love 
of logic, good or bad, seems to he an inherent ]>ro- 
pcnsity in the human mind; but if the sound rca- 
Honer adapts his logic to nature, the proceeding is 
more commonly reversed; while, from the assimilating 
pOAvers of all systems, an artificial arrangement soon 
becomes considered as a natural one. Thus, while its 
inveutor learns to see only through his own false me- 
dium, his followers cease to eiujuire, lua-ause they be- 
lieve. I hope to show that the classifications thus 
esteemed natm-al, are, on the contrary, artificial. 
They cannot therefore be received as of the science of 
geology ; it will he another encpiiry, how far they are 
nseftil in facilitating its study. 

Some early but imperfect observations gave rise to 
the first separation of rocks into two classes ; but, 
while the general principle has been preserved, we can 
no longer r<;coiicile this simple division to our en- 
creased knowledge. All rocks were thus distinguished 
into primary and secondary ; characterized, respectively, 
by high, and by low angles of elevation, or, as more 
decidedly state<l, by their vertical and their horizontal 
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positions. Hence the primitive and secondary classes 
were established: while other geologists attempted to 
assign their common boundary ; thus rendering this 
arrangement more useful. Men, believing themselves 
still wiser, afterwards contrived three classes : making 
an intermediate one, under the substantive-adjective 
term Trarmtinny and contriving to peisnade e(|uivalcnt 
minds, even to this hour, that it was u strictly natural 
arrangement. This cla.'j.'iilicHtion has also beeai con- 
nucted with a system of cosniogimy ; but it is not north 
an enquiry which of the two was the origin of the 
other. But, if less true than the simple one, as a na- 
tural arrangement, and less useful as aa artificial one, 
I must first enquire of the old division into primitive 
aud secondary. 

Whatever geograplilcal jdaces the primitive rocks 
may occupy, they are the lowest in geological posi- 
tion ; or, up to their boundary, su-e inferior to all other 
accompanying rocks ; which thus become the second- 
ary class. It is further stated, that the strata are 
always elevated at high angles, aud that they follow in 
parallel order, that their nature is chemical, without 
marks of mechanical origin, and lastly, that they do 
not coutain organic remains. This class, thus deter- 
mined, is found to comprise certain rocks, utider mhie- 
ral characters, generally pfculiar, though not con- 
stant : whence arise serious errors in deciding on the 
geological connexions from the mineral character : as 
ha8 been common. 

The secondary class is, of course, the receptacle of 
all the rest; and is said to he characterized by prevail- 
ing low angles of elevation in the strata, by the me- 
chanical nature of these, and by their containing or- 
ijanic remains ; while their order is said to be parallel 
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to each other, though not to the primitive class. Tlius 
the mutual boiiiidiiry is placed where the cliange of 
order occurs ; or the reverse position of two approxi- 
mate stratUj indicates that the lowest is the last or up- 
permost of the primitive, as the other is the first, or 
lowermost of the secondary class. If this reverse po- 
sition slioukl not exist, the boundary is then deter- 
mined by mineral characters ; a conglomerate or sand- 
stone being also the lowest secondary rock, wherever the 
series is complete: while, if that should be absent, 
some stratum known to lie above the congluinerate, 
determiues the bouiulary in rjuestion. Such is a view 
of this arranj^enient ; giving it all the advantages of 
modern improvements. Its truth and value will be ex- 
amined, after Mr. Werner's improvement has beeu 
stated. 

In this, the division is into Primitive, Tnmsitiony 
and Fluitz ; while Secondan/ may be substituted for 
the last term. The transition class, which alone re- 
<{uircs notice, is supposed to be distinguished Ironj the 
primitive, by containing rocks of a nature partly me- 
chanical and partly chemical ; and further, by the pre- 
sence of organic remains : as, hypothetically, it has a 
presumed dilJ'erence of origin, with which we have at 
present no concern, further, than as thus occupying an 
intermediate place Iietwecu the primitiveandsecoiidary, 
it is said to have been formed at an intermediate 
mysterious period. It ought to be natural, as it 
is asserted to be so ; or if artificial, useful ; if it 
is neither the one nor the other, it also involves 
objections distinct from those which apply alike to 
both the systems. 

It is not natural, niineralogically, even in the |)ri- 
niitivc class. Micaceous schist, cjuartz rock, lime 
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Stone, anil argillaceous schist, sometimes coDtuin 
fragments or conglomerates, and arc therefore 
partly of mechanical origin, so that there is a 
fandainental error at the outset ; while in the Tran- 
sition rocks, there are limestones, greenstones, and 
basalts, of a purely chemical nature; so that this as- 
serted distinction has no existence. Organic remains 
are also rare in the Transition rocks ; so that the 
character is further defective : whence it is phiin that 
there are no mineralogical characters, cither single ot 
combined, by which they can l)c distinguished from 
the primitive. Nor is there any geological boundary 
by which they arc separated from this. None has 
ever been assigned ; while it is evident, ftiat whatever 
boundary may be assumed, it must he removed, as 
often as an organic fossil or an imbedded fragment 
shall occur in a rock, inferior to that last fixed on as its 
lowest member. Some authors cause it to include the 
primary conchiferous strata of limestone and schist, for 
the evident purpose of excluding organic fossils from 
the primary class; while, with others, it means the 
lowest secondary strata, or any thing else which they 
do not chance to understand. And when a recent 
writer on the Pyrenees says, that the tratisition rocks 
idtemate therewith primary micaceous schist, we can 
only wonder what new meaning this word is now to 
possess. Lastly, the absence of the transition rocks, 
when the primitive and secondary are present, is con- 
tradictory to the hypothesis. This class, therefore, as 
a natural division, is a nonentity; since it is not always 
present, does uot form a transition, has no permanent 
or certain character, and has no assignable Iwundary. 
If there are two or more real divisions in the primary 
class, under the views of revolutions formerly held 
oat, it is ccrtiuu that we cannot yet discover them ; as. 
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assuredly, these views had never entered the mind of 
this inventor of "Transition." 

As an artificial arrangement, it neither facilitates the 
examination nor the classification of rocks ; leading, 
on the contrary, to a vicious reasoning inn circle: 
certain rocks being first called " transition," and then 
used to determine the "transition" class: while, its 
members never having been defined and limited, it 
serves any purpose that any one may choose. In the 
other classes, we can always prevent any abuse of this 
nature by recurring to their geological positions, which 
are almost always very decided. But that which 
seems to he the real history of this invention is, per- 
haps, the best answer to it. As I have shown, under 
argillaceous schist, its contriver had mistaken the up- 
per red sandstone for the lower; and hence the infe- 
rior secondary strata became members of bis transition 
class; while proceeding to assume the presence of or- 
ganic remains, and of fragments, as a criterion, some 
members of the primary also fell into it, with the effect 
of confounding these two real classes, in addition to 
all the objections already stated. The confusion which 
it has thus introduced into geological writings is so 
great as to render many of them unintelligible ; since 
scarcely any thing but a re-cxaniitiation of the rocks 
described, can enable us tn tratislate tlicni ititn a 
meaning. It is indeed fruitless to seek kn<tw!edge in 
the works of those who use names instead of descrip- 
tions ; and he who values his time and patience will 
avoid all those where the fenn tram'tfton occupies a 
prominent place. 

In now examining the faults of the antient binary 
division, the first is the confounding of granite and trap 
with the stratified rocks. With respect to the asserted 
characters of these, it is not true that, in the pri- 
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hive class, they are nccessiirily placed ut liigh angles, 
and, in the secondary, at low ones, or horizontally. In 
both, they are found at every possible angle ; and I 
trust that I need not nuote evidenees, viieii horizontal 
gneiss and vertical chalk ninst he known to every 
geologist, in addition to thoiihands of cases more. 
Again, when it is said that a consecutive order, or. 
couDuion parallelism, exists in each class, this, which 
may be trae of the primitive, is not so of the second- 
ary, as I have fully shown ; ivhile 1 need not recur 
cither to the facts or the theory, in this case, which 
prove that such a secondary class is not a natural one. 
The whole arrangement therefore is artificial; though, 
if the main defects lie in the secondary class, as far as 
the strata are concerned, it evidently confounds, in 
both, every thing respecting the unstriitified rocks, 
which, in reality, it had not distinguished : while its 
inodcrn followers either forget this most important 
circumstance, or persist in preferring a geological 
Pope to all evidence. But, even as artificial, it is de- 
fective by not distinguishing these, and further, by 
forgetting the tertiary deposits \ not to mention also 
the idluvial and the volcanic substances. It remains to 
attempt a new classification ; while this criticism, de- 
manded by the state of the science and of the prac- 
tice, will also have tended to explain the grounds un 
which it is recommended. The emendation of this 
antient division, which I adopted in the Classification 
of rocks, did nothing more than separate the utistrati- 
fied ones ; while I even adopted appendices for what I 
flid not then choose to touch. Proposing, no\v, that 
still imperfect one, which is all that I know how to 
invent at present, I must premise a few remarlvs. 

I need not re]>eat that a Natural classification is the 
only woitliy object of pursuit, while it is, unfortu- 
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iiiitely, of most difficult attainment. The true phi- 
losopliical basis consists in Time: it must be songbt 
in the order of tbc succfssive productions nbich con- 
stitute the visible earth; and here, within the range of 
stratification, there is no difficulty. As far as the 
strata are concernt'<l, Nature has given us the chissi- 
ficatiou, herself: when wc see these, we also see their 
relative dates. Were there only stratified rocks, 
iiothini; woidd l>c rccjuired but what follows; and in 
spite of all the difricnlties arising from the unstratificd 
ones, it is still the basis of a natural classification. A 
body of strata, consecutive and parallel, is a class: 
and to find the number of classes, it is only necessary 
to ascertain each point wlicrc a new parallelism^ un- 
coiiicident with the preceding, occurs. The reasons 
why cacli of these is a natural class, have formerly 
appeared; and it has also been shown that peculiar 
appearances occur, in any one later class, at the point 
of each change; consisting chiefly in the presence of 
conglomerates. And thus have three classes been 
produced out of the secondary one of the old division; 
folloAving the same principles, but under more ac 
curate observations. 

But (I'eology now knows what it once did not, tli 
there are rocks every where interposed among tH 
stratified imt's, and, moreover, lying below, and als 
above the whole, which aie the produce of fusion and 
intrusion, not of a{|Ui"ous deposition. Thus their 
])laces among tlicse arc not the criteria of their dates; 
and hence soaur otlu-r incHh; of classing them must be 
adopted. That they are of dillerent dates, is indeed 
certain; hut it is neither possible to discover what 
tlieae an*, absolutely, nor to assign, witli sufficient 
constancy and certainty, tluir relations in date t(» the 
stratified ones; in which, the mere fact of relative 
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position is evidence. Thus does Tiiuc cease to he 
the basis of classification for tliesc; or, at least, if ad- 
opted, it can only be under very hix infci-ences and 
great chance of error, or un<ler some conventional 
circumstances. I need scarcely say, that position 
alone proves nothing, when the very same unstralifiid 
rock is proved, as well by facts as l)y its tlicorv an«l 
nature, to be, at the same time, below the lowest and 
above the highest stratum, in every class, and also in 
contact with every member in all of tlicm. 

Whatever Geologists might have known or thought 
of these unstratified rocks, they have never yet seen 
the extent of this dillicuhy as I have here pointed it 
out. Though they might have believed granite tlie 
produce of fusion, they had convinced themselves 
that it must always be a primary rock in time, and 
therefore referable to the primary class, us they thus 
judged also of certain porpliyries, and as, with ecpial 
calmness, they assigned all the trap rocks to the secon- 
dary. I have shown the fallacy of all this: and thus 
have I, — yet not I, but Nature, — cncreased the dif- 
ficuhy of separating the unstratified rocks into divi- 
sions which shall truly rank with the several classes of 
stratified ones. And hence must we forfeit ail hopes 
of a truly natural arrangement as to these, if Time at 
least is to be the basis, while I do not now see what 
Other can be adopted. Therefore, in making granite, 
porphyry, and trap, conventional distinctions, as 1 
have done, I have also classed the unstratified ones 
■AH primary and secondary, under the best evidence 
which can be procured respecting their relative dates. 
lu the former, it has been that they do not, whether 
really or conventionally, interfere as veins with any 
secondary strata; while the hiitcr may obviously thus 
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interfere with the primary, though of the most recent 
date and connexioiis. Nor do I see any other ex- 
pedieiitj except that of making a single class out uf i 
all the unstratiSed rocks; while 1 think that Geolo- , 
gists are not yet ready for such innovations. H 

This is the great obstacle to a truly natural clas- " 
sificatiou; some minor apparent hieintshes, yet rather, 
practical ours than aught else, are soon described. 
Such are the repetitions of the same rocks in more 
classes than one. Custom has tolerated this separa- 
tion in the limestones and otherSj and jnstlv enough, 
as a question of time: so that, following it, I have 
done the same as to serpentine, and as to the rocks 
modified by heat, namely, the siliceous schists, cherts, ■ 
and jaspers. The recurrence of the very same rocks " 
in dift'crent classes of the " secondary" strata, and also 
in the tertiary, even indeed in the alluvia, as in traver- 
lino, are practical or niineralogical blemishes of the 
same nature; hut if the classification is to be geolo- 
gical, and for the pnrposes of geological science, this 
must be; while the mineralogist may make his own 
distinctions; Geology merely entreating, that he do 
not attempt to write about it on such a basis, and 
ref|uest.ing the j)hilosopher in names and specimens 
to confine his genius to his own drawers, the logic of 
which, like his own, is not that of Nature. 

Though there may he no prospect therefore of pro- 
ducing an unexceptionable classification, either natural 
or artificial, especially under the double and often 
contetvding claims of IVJineralogy and Geology, I am 
hound to make the attempt: while, really, the other 
branches of Natural History must recollect that their 
own success has not been very splendid, and, that among 
the natural sciences, this most recent of all is almost 
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trinnipliant, compared with even the last and most fa- 
sliionahle arrangements of Zoology. Imperfect as any 
arrangement may be, its uses are still apparent; and 
were it no more, it might stand, like a Code in Legis- 
lation, as a beacon to direct what time and knowledge 
may hereafter demand. If I am notsatisBed with the 
following attempt, I have caused it to coincide with 
the antient binary one, so as to allow of its use as a 
mere improvement of that; and if I have only nnm- 
bered the new classes, merely suggesting an ordinal 
(ireek term to those who love Creek just as they least 
understand it, it is, that to make names before we are 
sure of the things, is not the most prudent policy. 
A few further remarks on this table will complete 
what the reader might not observe for himself. I 
have alrea<ly given reasons for repeating the same 
rocks in more classes than one, and for distinguishing 
the porphyries and traps into at least two classes. In 
the fifth class, I have only given the priucipul varieties : 
a fuller list, derived from the English strata, would 
be topographical ; while did I distinguish minutely 
in the later rocks, I must have adopted the same pro- 
ceeding as to the endless varieties of gneiss and others 
in the primary class. The strata thus named are not 
given as if in the order of nature, because I have 
already shown that there is no such order : and, in the 
secondary class, the order of Kneland, if that be ex- 
pected, is but an order umoug varieties. If I would 
gladly have extended the few minute commentaries 
given in the table, it was incompatible with that form. 
1 have only to add, that if my plan does not allow me 
to follow it in the subsequent descriptions of rocks, 
so have I been obliged to refer, for their details, to 
that work on their Classification which is the gramnnu' 
of the present one, ami of the science. 
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Artificiol System. 



PllUttABY CLAS.S. 

SlRATJfl£B. 

Gneiss. 



t Micaceons schht. 
Chlorite schist. 
Talcrtse schist, partial. 
llnriiblorKlc schist. 
Actinnlite schist, partial. 

• Quartz rock 

* Red sandstone 

f Ai^lIaceouB schist, fine clay slate and 
graj-wackc. 

Diallage rocl- Apparently ambiguous. 

Serpentine. Ambiguous. 
+ Limestone. 

Compact felspar. Parlial. 

Jasper, modified Trom • -. 

Siliceous scliist, mdilificd fromt InUeonra}) 

Chert, m.«liried from Jwhen jp^^^'i^' 
argillaceous -' 



VltSTnATIFIED. 

Granite. From the ordinary appenTftiKTe, 

to that of greenstone and hasalt. 
C- Felspar porphyry. W'ljfn -^ 
decidedly limited to ilie I 



Natural 
Syntcm. 



CIBS8 1. 

ProtJilh » 

ice . 



?tone. Li 
J 



^ rai 



primary strata 
Cliakslone and Claystone 

the same eases, 
Serpentine,-, When solely coiiHee ted Miiti 
primary strata, or (jrrantte. 
Dialkige rock. Not satiofaclnrSly proved. 



SECOND All Y CLASS. 
Sthaiified. 

. * Sandstone. Conglomerate and fine. Old red 
Serin. b«iow J I 9( T«f »°«<* «>I<;^ra and qiinliiies 



CojI 



'" 



inestonc. Mountain limestone of Eugli.oh. 
Trunsition of si>m<>. 



CiwlMtrIca 



I: 



Sandstone. 
Shale 
Clay 
Limeftonc 
CoW ' 



Various. 
}do. 



Class 2. 



Cl:i.ss H. 



CIasi 4. 



CSAMWlCkTUmi OriBWKfiJi 



7a 



ik^ 



AB6|fi»|§y»f«m»^ 



Katnral 



$eTii;s np to 
Cliulk or 
marine 
chiy. . 



'I ■-■; 17 



; - . ItSag^ne^laa. First above \\fft - , 
coal, series 
i Argillaceous. Litis, Muschel- "S 
• • kalfc.iio. I' 

,^ : ., C»mE«6t. VvioMS ; generally jf^jJs?^ 
organic , 
' Oolithic. 

Chalk. ...... 

*-'SaiMlsionc 

Bed marl. R^d sandsk>ae ptattiqiog 

salt and gypsum 
White. Various, and sand. Quader- 

sandstein,'&c. 
Fecruginom, aad sand {with ug. 

. GreeQ, aqd .sand.. ,> "•'*.«*»?,'• 

i TBTiOM , . 

Jasper/ nlodfted tfdfti • '• ' ' ^.^^^, „^. 
Siliceous schist, modified fnnnt y^kf*^"" 
*S\a»H, iBpdified from * . . J F^^*'- 
fikit and Qypiuni cont^er(d u mlneralt in tbU cliut< 






t Shale 
•Clay 



:\'r 



1/ ■•; ■ 



" Serpentine. As connected wjth Trap 

'• -'M-' '■■■'^":•^i vr ... . • ^ j^hiefly.'-' ■■■•^' '- 
:;,..' .- ^ PJallage rack. 

,, Pitchstpne. Comprising pe«r1stone. 

. ' Known only in reins.' ' 

J . , ^ ^^Ipdortrted 9Uy. Base of the amygd*- 
loids. 
. ■ Gl&y^oiie, 

^. . : . I ) i . < , Indivate.d cloyatooe. Compri«ing wamA 

so called bMalts. 
Clinkstone^ 

'"•"■- - CMBpactfolspar. 

Sabalt. Of hornblende, only. . 
.Qreenstone,^^' ^^ 
Syenite. Sometimes eiiuilatiwgranite. 
-' Augit r6ck. 

HypaMthibe rook. Aj'y.. 

., „ J»<yphy;ciep. ., 5\5ith various hajMf. i , : 
Amygdaloids. 
Tuff. Of eruption, only or chiefly. 



Class 6, , 

■• J. lit 



^^d renouf 
«:• Claws, 

-••,4;. . 



••'•■■■•■"■ 



..! 



\: •.-.t 



).!• 
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CLAMinCATIOM OF KOCKS. 



Artifiowl System. 



System. 



TERTIARY CLASS. 



Class 7. 



Lacnttnl 
marlDe^ or 

■ vcsfl wstcr J M 
or ;S«tiarie«, 
elerated. 



SSJ 1 Allfr«.hwa..ror.O 

Chert. MiOstooe ■' taxriae: or imeertaui 
Elude SsaeecMioas of narine 

day I and fresh vater strata. 

Bfarl 



(. Gypsum 



I With organic lignites. 



ALLUTIAJL CLASS. 

' Marine. 



Antient, ElcTated : indurated, 
Marlof Italy, &e. 
loose. Italy, with 
■larine remains. Elsewhere ? 
Of the present ocean, under pro- 
trusioa and retirement, or ele- 
Tation: fsdse and presumed ter- 
tiary strata, with woody lignites. 
Oaral: Islands of Pacific, ftceleya ted or not 



TerrestriaL 



Loose: of rarious 
materials. 



Seneca] : under antient 

elevations and "| ^^ 
currents l w*odr 

Local: firom fluriatile f 
tnnsportatioo J 
■ from local disintegr*- 
tioo ; at rest, or moved. 
Soil. From do. and transportatioD 

through rains. 
Sand. From winds. 

Solid. 

Trarertino ; of Italy, kc. 
43oral sandstones. Marine 
and terrestrial together. 
West Indies, && 
Rocky strata, as in Chap. 7, 
of lakes drained or filled, 
not elevated. 
Marl of lakes. 
Tenestria! marL On dry 
' ealcar^His surfaces. 
Peat. With submerged 
wood. 



Class 8. 



Class 9. 



YOLCANIC CLASS. 

Lava 

oomB 
Pumice 



Class 10. 



, Witt iMcaaManoM to per. 



,Wiai 

C^yiTf SBirgdalaid. bsiatt. 




CHAP. XXIV. 



Granite. 



Inbe remarks on tlic unstratificfl rocks have antici- 
jntcj much of the history of Oraiiitr, their pffcct has 
:ilst) heon to produce repetitions, not limited to this 
tock aloncj yet insepurablc from the plan of this work, 
witboat a sacrifice of utility to literary neatness. The 
term Granite is so current, and the substance so fiiini- 
■, that it seems superfluous to define it. Yet there' 
'tto rock respecting which geologists have more mis- 
understood each other. Nature has thrown considcr- 
nWe obscurity into the subject, and they have, too often, 
80 managed as to increase it. This confasion has ' 
n chiefly from viewing it as defined and distin- ' 
bed by nature ; whereas, if considered as a genus 
family, it must be on artificial or conventional 
unds, imless we are to go on in darkness and dis- 
tion for ever. ' 

The term Granite has, by some, been limited to a 
compound of quartz, felspar, and mica, and the word 
Syenite adopted for those containing hornblende; 
laying the foundation of a large progeny of errors, 
fhe distinction is as unfounded as it is pernicious. To 
fbe first compound there is sometimes superadded 
ttornblcnde, or else it becomes a substitute for the 
mica, producing a granite even more abundant than 
the first ; while the ternary compounds also lose one 
*ir other of their ingredients, and become binary ; all 
these varieties further occurring in the same mass, 
and often within a very small space. In Nature,'- 
therefore. Granite ranges within four essentii'l mi- 
nerals, qu.irtz, felspar, mica, and hornbleivde, '\w A\^- 
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ferent combination*, of iwo, three, or four. If tlii« 
were merely a question of mineralogy, the distinc- 
tions thus condemned might be conceded without in- 
convenience. But as the nomenclature of rocks is a 
nomenclature for the purposes of Geology, it is easy to 
see what fallacies may intrude from an improper use 
of terms : as has happened from that of Syenite, thus 
making a distinct geological rock of any granite which 
hrippens to contain hornblende. Thus have the latest 
been confounded with the older unstratified rocks ; 
not only producing inextricable confusion, but per- 
mitting trifling observers to impose on their 
readers by false or flimsy statements founded on 
mere terms. 

The minerals of granite, both essential and acci- 
dental, are united by a confused crystallization ; the 
endless variety of proportions, sizes, and colours, in 
the Ingredients, producing corresponding differences 
oi aspect and of texture; while many different tex- 
tures often unite in one mass. Though, in general, 
uniformlygranular, the felspar is sometimes separately 
crystallized, so as to form '* porphyritic" granite ; as is 
the case much more rarely with the cjuartz and the 
mica. Occasionally, it splits in one direction prefe- 
rably to another, though the ingredients are still uni- 
formly confused ; there being a slight tendency to the 
parallel position, as in gneiss, while when this is not 
visible in the mica, an acute eye will discover that thol 
felspar has crystallixed under a common polarity, so 
as to produce this effect. 

Did the mineral history of granite terminate here, 
its character would be sufHciently defined; and we 
should not be compelled to adopt a conventional one 
in distinguishing it for the purposes of (Tcology. But, 
as formerly shown, its mineral charactem arc ofien 
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iiti<listfnguishaMe from those of llie moat common 
trap rocks; as, on the otlii^r hand, examf)lcs some- 
times occur in these, resembling the onliiiary granites: 
while, in these cases, the granite of mi<:a, rpiartz, and 
felspar, passes into the variety contniniiig hornblende, 
then into a compound of hoiiiblcnde and felspar, or 
the greenstone of the trap family, and lastly into 
similar ones so minute in texture, as to be absolute 
specimens of basalt and claystonc. And reversely, a 
claystone in the trap friniily graduates into a granite of 
the four usual ingredients; resembling that which is 
inferior to the primary strata, though it is superior to 
the secondary. Now as these two families are far 
distant in time and conucxions, and as this forms, in 
fact, their leading geological characters, wc must cither 
discover some mode of alwavs distinguishing them l>y 
natural marks, or establish some artificial rule, for the 
purposes of geology : though, in a rigidly philoso- 
phical view, having a common origin, and being, thus, 
fundamentally, the same. If, in most cases, the mi- 
neral character coincides with the geological one, nii- 
neralogical granites occurring in the lowest positions, 
as mineralogical traps do in the highest, this distinc- 
tion is inapplicable to the cases in question. Either, 
then, we must, unite the whole under one term, or 
distinguish the two, in every case, by their mineral 
characters, or, lastly, define them exclusively by their 
geological positions. * 

Under the first of thesf systems, the result will be 
an obvious confusion in geological descriptions, unless 
we adopt a mode of proceeding for which the science 
is not prepared, however it may admit of that hereaf- 
ter. If the distinction be made purelv njineralogical, 
it will become impossible to know, whether the terms 
" trap," and " granite," are always applied, respectively, 
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to rocks later than the secondary strata, and to rocks 
beneath the primary. Ifj lastly, we adopt the distinc- 
tion founded on geological position alone, the term 
granite will always mean the lowest rock in nature* 
we shall continue to understand Geologists in what is 
most essential, namely, its geological position ; and 
our own descriptions will he suhject to no misappre- 
hensions in this essential point, wliile the specification 
of its mineral characters will remove al! chance ol" 
error. I have therefore chosen this plan. Mineralo- 
gists may still arrange their specimens according to 
their own rules; hut Geologists must Karii to under- 
stand each other, on those points which constitute 
their pursuit. 

I may here extend this remark, since the recent in- 
crease of a serious ahusc seems to demand it. If a 
steady niiuercilogical composition was attached to 
certain geological characters in rocks, niineralogical 
terms would, not only be admissihle, hut desirable. 
But as this is not the fact, the one cannot be a substi- 
tute for the other, while it bcconies a source of inex- 
tricable confusion, cheating us with words. Geologi- 
ca\ descriptions, formed on such a nomenclature, are 
the work of those who know nature only in their ca- 
binets, and who should confine themselves to the hi- 
stories of their specimens. It is their least ofleusive 
quality to be useless ; they are too often the sources 
of pernicious misrepresentations, or the fallacious and 
imaginary evidences of false theories, as of false de- 
scriptions. It would be invidious to point out the 
mass of writings thus rendered worthless or mischiev- 
ous; or to name that nation to which we arc chiefly 
indebted for a barbarous neology, which has incalcu- 
lably augmented these evils. 

Whatever facilities this definition may appear to 
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give, there are, nevertheless, cases where we may still 
I be at a loss which term to apply justly to a particular 
' mass, as there are others where one superior to the 
secondary strata may really be a granite. If a rock, 
with the mineralogical characters of granite, in this 
position, should he connected with one of similar, or 
even of other characters, inferior to the primary strata, 
it must be considcrctl as a granite, because its charac- 
ter is decided by this portion. If a granitic rock be 
I connected, on. the contrary, with a mass having the 
Ijeological position and mineral characters of trap, as 
is the case in Sky, it would l>e pronounced a trap rock. 
Should it, lastly, betray UL-ithcr connexion, we shall 
still pronounce it a trap, from its position, though it 
may actually ])ossess connexions wifli an inferior gra- 
nitic mass which is invisible or inaccessible, and be 
thus a real granite- In a reverse manner, should there 
occur a mass having that deep connexion which all 
unstratified rocks must possess, and of which the por- 
I tions superincumbent on the secondary strata had dis- 
r appeared, while the rest remained, it is evident that it 
mnst be ranked with granite, according to the adopted 
rale. This would be the decision of every one, were 
its mineral characters granitic ; though it might ac- 
tually be of later date than the latest strata, aud still, 
perhaps, preserving some connexions, to prove its true 
nature. If its mineral characters were those of a trap 
rock, if it were even a basalt, I have, shown that it 
may still he connected with true granite, and fairly en- 
titled to that name. Thus, e\'en under this definition, 
we may decide wrong respecting the real nature of 
some given instance of these rocks, because their orh- 
gin is really the same : and hence, whatever prevailing 
distinctions there may be, both in their mineralogical 
characters and their positions, the only real ones are 
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the dates of their production ; u htle, from the pecu- 
liar circnmstancei under which they occur, wc cannot 
always distinguish those relative a?rds. 

Such are the consequences arising from the very 
nature of these rocks ; and one of the results must be 
obvious. The distinction, w^hich appeared to be na- 
tural, proves to be artificial ; or it is conventionally 
agreed, that all rocks of a certain character, are to be 
granite when iu one position, aud trap when in another. 
It is therefore useless to ask whether granite can be 
found lying over the secondary strata, unless where a 
communic-ation with an inferior mass is discovered ; 
since, by the very definition, it is placed in the trap 
family, while that definition proves, iu itself, to be a 
postulate. I must here further remark, that these con- 
clusions, into which those who define granite by its 
mineral character, and those who define it by its infe- 
riority, are equally forced, are independent of an igne- 
ous, or of auy theory. They are mere deductions from 
acknowledged facts, which ought to have been made 
long ago, aud which, if they had, would have saved 
inuch obscurity and controversy. If the lowest un- 
stratitied rock in nature had always been a mixture of 
quartz, felspar and mica, and the highest a basalt or 
a claystonc, the antient method of geologizing on 
this point might have answered all purposes ; while 
this imaginary taw has led to all the past coufusio^H 
since it was sufficient to find a specimen and apply 
a name, when all the rest followed of course 
But it is fully time to abandon this method t>f phtU 
sophizing ; and, regardless of nanies, to see what tl 
things themselves really are, and what are their coii 
nexions and analogies in nature. If I have dwelt 
this most practical and important, not speculative niaf 
Icr, it is not merely because it lias Ijccn uusccu ai 
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tinthouglit of by all geologists : but, because so much 
of the history of both granite and trap depends on it. 
I need only repeat, that in what follows, granite ii 
considered as a conventional rock, detenu incd by infe- 
riority of position. 

Notwithstanding this inferiority, we must not grant, 
as asserted, that granite constitutes the mass of the 
globe, or is the lowest rock in existence. Of its 
interior, we know nothing ; but its weight is suf- 
ficient to prove that it is not formed of granite. 
Respecting the other assertion, there is neither expe- 
rience nor reason in favour of it. Some unstratified 
matter, solid or fluid, does doubtless lie beneath the 
(tratified surface of the earth ; but while conjectures 
are fruitless, it might, if solid, be basalt, as well as 
granite. But, omitting all speculation, the volcanic 
rocks of Auvergnc have fiowed from beneath, through 
granite, and contain a large proportion of iron, while 
that rock contains very little. Hence, it h not there 
the lowest substance. 

The same persons have also considered it the 6rst 
rock that was formed. Though treating of it first in 
order, it is plain that it is not so viewed here ; while 
I need not re-discuss the relations of the stratified to 
the unstratified rocks. It is sufficient that granite dis- 
turbs the former, transmits veins through them, and 
affects their mineral charactcj*s; while the strata do 
not follow it in that regular order in which they suc- 
ceed each other, but arc variously and confusedly 
placed with regard to it, so that a single mass may 
touch all the members of one series ; a property not 
possessed by any stratum. This is posteriority ; 
but it is a posteriority only where the fact of intru- 
sion is thns proved. Rocks have been deposited 
on it, as I shall iuiaiediatcly show ; and in examining 
the revolixlions of tbe Earthy J have reiidcved \\. V^o- 
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bable. that there has been granite, or ai» analogous 
substaiKH?, prior to all strata, and the original source 
of the whole. That very granite may be visible ; but 
we cannot as yet distinguish it from the many succes- 
sive ones ivhich have acted in the elevutiuus of the 
strata. 

With ha nnncralogical roseinblancc to the trap 
faniily, there are many striking points of correspond- 
ence in their geological disposition, and in their rela- 
tions to the secondary rocks. But I need not re- 
examine a subject formerly discussed under a general 
view: though some of the particulars will re-appear 
in this and the succeeding chapter. But as granite 
has been said to be distinguishable under certain aeras 
of formation, leading to the terms of primary and se- 
condary, of older and of newer, I must enquire of that 
matter. The ordinary criterion of such ages, thus 
produced, is fallacious ; though it has certainly been 
formed at many different periods. Among stratified 
rocks, the criterion of superiority will, in general, 
mark the latest. But between an nnstratified in- 
truding rock, and a stratified one, there can be no 
such assignable relation ; since the former may be 
equally in contact with the strata of various ages, if it 
be posterior to the whole. Though it should be pos- 
terior to some only in a series, we cannot even then 
know the relative period of its formation ; as it might 
not have come into contact with every stratum of the 
mass into which it has intruded, even though of later 
origin than the whole. There is no criterion then of 
this nature ; hut there is one by which the relative 
aeras, at least, of two masses of granite can be deter- 
mined. That is the passage of veins from one mass 
into another ; u fact, of which the value has, from hy- 
pothetical views, been generally overlooked. 'Ibe 





VNlTli. 89 

same hypotlioses inuke it iinportjint to reniuik, that in 
Shetland, where there occurs a red miraeeoiis granite, 
together with one rontaininj^ hornhlende, and passing 
into basalt, the hitter is tlie ohh'st, since it ix pene- 
trated by veins of the former. This fuet proves the anti- 
quity of those granites which, from tlieir resemblance 
to trap, might be esteemed eomparativelv modern : 
and also, that the mineral io»i»i>osition in no test of 
antiquity, as has been said. The latest granite here, 
is that termed " genuine old granite" by the Germanic 
teachers of what they did not know. Whatever there- 
fore may be the fact, we cannot at present determine 
the age of any granite, e.xcept where this occurrence 
takes place ; since the supposed proofs from mineral 
composition are worthless : whence the term genuine 
granite is only admissible as a distinction for mine- 
ralogists. 

Granite is one of the most iiiiivcrsal rocks, forming 
some of the highest and most remarkable chains- of 
mountains ; being thus the most elevated, in absolute 
position, as it is supposed to be the lowest in a geolo- 
gical one. It is not however limited to such high 
chains as the Himalya or the Alps, or even to the 
much lower ridges of Britain ; since it also occupies 
many extensive tracts of cotHparatively level land. 
Hence it presents that diversity of pictures([uc outline 
formerly noticed ; and if this variety sometimes results 
from disintegration, the same eflbcts arise from its na- 
tural disposition. lu these cases, it forms tracts of 
various extent, though often constituting single monn- 
fains, or groups, or ridges, far separated from any 
analogous mass ; as it sometimes also occupies places 
60 small as not to be easily discovered. That difficulty 
is umch increased where it is surrounded by gneiss, 
as in Scotlaudj where such insulated masses frequently 
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occur, not exceeding u few yards in extent. In such 
cases, it is prolwbly the protuberant sniuniit of a lurger 
iimsa bciieatli the surface; wliile in favouriibic situa- 
tions, such a portion may gradually increase in extent, 
from thn dej^radation of the softer strata above it. 
•!•» It was already obsen'cd that granite might be in 
contact with any rock of the primary series; and, in 
tliis case, its relative <iatc to any ineniber is proved by 
the passage of veins through that stratum. If these 
had been deposited by stratification upon it, the same 
contact of all the members might exist ; but there 
-would be no intruding veins or disturbing masses. For 
the same reason, even the secondary strata may re- 
pose on granite without intervention of the primary ; 
becanse it was not every where covered by these when 
the former were deposited. In this case, the masses 
or veins could not interfere with the strata ; and, should 
that ever occur, such a mass of granite must be pos- 
terior even to the secondary deposits. 

The contact of gneiss with granite, once supposed 
itidispensabU', is so frequent, that iustanccsnecd not be 
quoted ; while there is often such a transition at the 
-place of meeting, both in general forms and in the 
mineral structure, that the bound;u'y is imperceptible. 
Ju this connexion, the intrusion of veins is a frequent 
•feature. It is found in contact with micaceous schist 
in several parts of Scotland, occasionally sending veins 
into it; while, as quartz rock occurs in the same si- 
tuations, it is equally found in contact with that sub- 
stance, and equally transnu'tting veins into it, as in 
ilifferent parts of Aberdceu?ihire and Perthshire, (ilen 
Tilt and Shetland present examples of its intrusion 
into primary lituestonc. In Aberdeenshire, serpentine 
is ot\vn ill contact with granite, as noticed in the hi- 
story of that rock. Its contact with argiilaccons schist 
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U so coiiimou, that I uc<"tl only (|iiote the cxuiuplc» of 
Cornwall and the Sontli of Stotlaiid ; and ihe passage 
of veins through the schist is equally well known. I 
need not notice tljc other primary strata, since, as far as 
their geological relations are concerned, they arc all 
implied in those now enumerated ; but it is apparent 
that granite is, or may be, posterior to the whole mass 
of the primary scries, as it is, somewhere or other, 
more recent than every member of it. 

The 0!dy instances known to me of the contact of 
granite with the secondary strata, are those which 1 
have discovered in Scotland, elsewhere noticed. In 
Caithness and Sutherland, the lowest red sandstone in 
one place, and the series of tlic lius and oolithe with 
coal in another, reposes on the same mass, so that 
every member in a very extensive deposit, is in 
contact with a granite, which in uth(;r places, is in si- 
milar contact with gneiss, quartz rock, and micaceous 
schist. Thus the possible proximity of granite to every 
secondary stratum is proved ; since there is no reason 
why it should not extend higher up in the whole se- 
ries. There are here however no marks of intrusion: 
so that these strata have been deposited on the gra- 
nite and its accompanying primary strata, at the same 
period. Yet this l^ict proves the anti<juity of the 
granite in question : since it must be more 4inltent 
than that which elevated the primary and secondary 
strata together, and which seems never to have intruded 
among the latter, unless it has done this under the 
form of trap, so utterly incapable of discutanglemcnt 
from granite in these cases. 

If I have n^ected the case of granite reposing on 
the secondary strata, referring it to the Trap familv, 
by the definition, yet as others may choose to consider 
the mineral character as constftuliiig granite, in nhat- 
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ever position, I must mention these instances; tliongTi, 
fur want of correct views, the ohservatious which I 
ahall quote from authors arc of httle value. 

Ill Sky, where I first descrihed this factj it forms a 
considcrahle mountain, the subjacent strata belonging 
to the lias limestone: while it is an unt(nestionable 
mcni her of the trap family ; because it is connected 
with rocks, which, in some place or other^ contain 
every memher of it that has been descrihed. In con- 
firmation of this fact, Mazzari is quoted iiy Brcislak, 
for granite lying, not only on secondary (Jura) lime- 
stone, bnt on the marine alhivTa of Italy, formerly 
mentioned. But this requires some explanation; be- 
muse even trap has not yet occurred of so luodern a 
date, in any part of the world. It might be wrong to 
suggest that this is a volcanic rock; a volcanic gra- 
nite; yet if riglitly examined it can be nothing else. 
Had it even been thus deposited on these alluvia while 
under the water, it is hut a submarine lava; though 
it is evident that this is the precise case in which lava 
and trap become the same thing. Whatever may be 
the fact, however, as to this part of the observatioir, 
[it is admitted by others who have cxauimcd the spot 
[iiear Predazzo, that this granite does lie above the 
Jura limestone; while it is no less important to know 
[that it presents numerous varieties, and passes into 
jjioiphyry and angitic greenstone. At the same time, 
[the strata in contact, consisting of the red marl, or 
variegated sandstone, the muschelcalk, and the oolithe 
and lias, are in some places, mollified, and, iu others, 
formed into breccias by the consequences, of its iutru- 
ision. Granite has also been found by V^on Biieh in 
(Norway, lying on secondary limestone; as confirmed 
■by Ilaussman. Being descrihed as connected with 
||>orphyry, it is probably analogous to that of Sky 
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Similar occurrcnrcs are descriliid liy lliinmcr and I)c 
Bonnard, in the Uartz and near Dresden ; as " Sye- 
nites" in the same position arc also mentioned by 
Brongniart, Omalius de Halloy and Engelliardt. As 
far as the sight of the specimens can determine any 
thing, I should refer these to (iranite : they may bo 
members of the trap fuuiily; but observations whieh 
consist of names or specimens only, are useless for the 
purposes of geological reasoning, Brongniart's no- 
menclature disregards all geological relations. 

If no opinion, therefore, can be formed, of these 
last, except by those who arc satisfied with mineral 
characters and names, we have still to find a case where 
a mass of granite, beneath the primary strata, is con- 
nected with another lying al>o\e die secondary. This 
case alone could satisfy all the conditions; since it 
would be admitted as an overlying granite by all par- 
ties. The consequences however, must obviously he, 
to prove, what I formerly suggested, that the origin of 
trap and granite are the same, and that hence all their 
mineral and geological charaelers correspond so nearly. 
Granite is, perhaps most commonly, found in huge 
masses, void of all configuration, and even of a ten- 
dency to one, though in other cases it presents pe- 
culiar structures. But no instance of stratification has 
been produced, notwithstanding the repeated asser- 
tions of this nature; nor can it exist, consistently with 
the meaning of that term. It is true tliat beds of 
gneiss cannot sometimes be distinguished from granite; 
bnt these are only extreme cases of a stratum which, 
in granitic gneiss, frequently approaches to the cha- 
racter of granite. Aberdeeenshire presents striking 
exan)ples of this fact, while there is often a perfect 
transition between the two. The instances of strati- 
fication commonly adduced, arc, however, examples of 
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thf laminar disposition sufficienlly common in tin's 
rock. This presents a considerable analogy to the 
similar forms in the porphyries; the laminae being ex- 
ceedingly variable in extent, but rarely very continuous 
without interruption, as strata are, but commonly of dif- 
ferent thickness in different parts; or irregularly ex^HI 
tenuated and eiicreased. Nor arc they prolonged ac-' 
cording to the dips or bearings of the surrounding 
strata, which, under certain variations, always preserve 
some general tendency. On the contrary, they arc al- 
ways irregularly placed, even when in iuinjediatc contact 
with these, so as to occupy everv possible position 
within a very limited space. In such beds the straight 
passes into the curved form, or, finally, into a large 
spheroidal structure. The prismatic form is soni&JnJ 
times also combined with the laminar, as in the por-' " 
phyries ; to which, in all else, granite presents a strong 
analogy. The thickness of the laminre is various ; 
sometimes descending to a structure which has been 
improperly called schistose, Hypersthenc rock, whieli 
i.s an unstratificd 'iVap, presents equally all these fea- 
tures ; and hence, in each case, they mnst be consi- 
dered as modifications of a concretionary structure. 
The magnitude of the objects is a circumstance of no 
account in the extended operations of Nature; nor 
need I do moie than remind the reader of the pinna- 
cles of the Alps, where observers, who should have 
known better, have imagined an erected stratificatiotr^^ 

Granite beds sometimes present other forms, by 
which this rock is recognized, even at a distance; 
though they occur also in the older sandstone. These, 
the short prismatic and cuboidal, arc, however, partly 
the result of an incipient decomposition. The bedl 
arc originally intersected by fissures, often at right ai 
gles, which under exposure to air and water, enlargi^' 
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uniil, at length, the innsses hccoinc sppnvuted, as If 
they had never hcen connected. 'I'lius thev uof|uiie 
the appearance of piles of masonry, often putting ou 
strange forms, hke the Cheese-wriug in Cornwall, and 
producing the well-known rocking stones. Under ;i 
further decomposition at the angles, these masses he- 
come a heap of irregular spheroids, which, heing often 
easily removed, roll down the declivities of the hills, 
forming some of the travelled blocks so often discussed. 

Among these indications of a peculiar internal struc- 
ture, I have formerly descrihed the exfoliations into 
spheroidal crusts and schistose laniinnp, so as to render 
any further notice of them imnecessary. Decided 
marks of concretionary arrangement are also found in 
the occasional orhicular tendency of the component 
parts; familiar in the well known variety of Corsica, 
and in " Tiger granite," and sometimes marked in a 
circakr distribution, affected by the mica in ordinary 
granite. They all present analogies to the similar 
structures occurring in such porphyries as that of Cor- 
sica, in the Traps, and in the products of earths fused 
by artificial heat ; and I need not now repeat their 
bearing on the igneous origin of these rocks. 

The last circumstance in the geological character of 
granite, relates to its distribution in the form of veins; 
(^ which there are two distinct kinds. The first lio 
wholly within the rock, consisting of the same mate- 
rials, under slight differences in the colour and mag- 
nitude of the parts, being also connected with similar 
variations, of a concretionary appearance, without the 
venous form. If the exact cause of these is not 
obvious, they are connected with that venous struc- 
ture formerly described, which is only detected by the 
exposure or disintegration of the rock. 

The next arc much more interesting, and constitute 
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the pn'ncipul arguments iTj^pocting the- posteriority of 



fjraiiite to llie strata with which it is associated. 
Tlicse vary iiifitiitely in tht'ir dimensions, extent of 
course, entanglement, and nuniiications. At times 
they are rather protuberances from the general mass, 
than veins ; while at others, they extend to great dis- 
tances ; insinuating;; themselves widely into the snr- 
ronnding strata, above all, in gneiss, in which rock 
also they especially abound. Thus also their thick- 
ness varies, from many yards, even to the minuteness 
of a thread, hcing simple or ramifying; and often also 
presenting the most intricate reticulations. In com- 
position, the larger veins at least, sometimes resemble 
the parent nmss, while, in the smaller, the structure 
often heconies miruite, as if proportioned to the mag- 
nitude of the vein. But; more commonly, the uuite- 
rials arecryatalHxed on a much larger scale, producing 
the well-known specimens of felspar and mica^ as, in 
these veins also, the accidental minerals enumerated. 
in the Classification arc chiefly found. Yet the size 
of the ingredients does not bear a proportion to that 
of the vein ; the larger crystalliications as often occur- 
ring in the small as the large ones. 

It is also not vmusual for the mica and the horn- 
hlende to disappear in the progress of the smaller 
veins, while quartz and felspar are always the predo- 
minant ingredients : as, further, even the quartz often 
disappears, so that the uluiitatc ramifications consist 
solely of felspar. And tliongh hornblende is as com- 
mon an ingredient as mica in gneiss, it rarely occur* 
in the veins that traverse an example of this variet 
though mica is present in those which are found i 
micaceous gneiss. Occasionally, and even in a large' 
vein, all the crystals of felspar preserve a common 
polarity, however iuterrnpted by other minerals ; so 
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that the rays of liglit are reflected from it at the same 
angle over a wide space, leading to its detection at a 
distance, as I have also noticed under the head of 
gneiss. We might, in such a case, imagine the whole 
vein to be a single crystal, deficient in external form 
only because there was not a vacuity iu which that 
could have displayed itself. 

Though the variety of granite called graphic is not 
limited to the veins which traverse gneiss, it is most 
frequent in those, though seldom occupying the 
whole of one. I need not describe what belongs to tho 
business of mineralogy ; only rentarkiug, that it is 
sometimes the quartz, and at others tlie felspar, 
which has first crystallized, and thus determined the 
figure of the other mineral. 

A third kind of granite veins has been mentioned, 
independent of any central mass. There is no reason 
to presuppose this ; and I have traced to the parent 
granite all that were pointed out as such in Scotland. 
Their great size and long persistence seem to have 
led to the notion that they difi^orcd from the veins in 
gneiss; but while it is evident that no small vein 
could occupy a great range, they are analogous to the 
similarly persistent veins of trap, as their connexions 
must thus be equally ditlicult to ascertain. That 
granite veins traverse masses of granite, is a fact that 
I have used to prove distinct ages in this rock; 
while they are often marked by the same peculiarities 
of character as when in gneiss. In those which 
traverse this suljstance, the texture is nniforoi through- 
out ; but in others, it very often differs in the middle 
and at the sides. Yet they are often so amalgamated 
willi tbe gneiss that the boundary is nndefinable ; 
the mica or hornblende losing their parallel directions, 
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SO that It becomes granitic ; from chemical cliaiigei 
which I must shortly proceed to notice. 

In the vicinity, as well as at the contact of the 
veins, the strata are generally broken and diverted 
from their otherwise even position, while fragments of 
them are often also found detached and insulated 
among the intersections ; gneiss, in this case, being 
sometimes so placed and extenuated, as itself, to put 
on the fallacious appearance of veins. Even the pro- 
trusive force of the vein is often indicated in the 
averted direction of the edges of the strata in contact j 
while the variety of the appeai-ances marking violence, 
however demonstrative of the nature of the ac'tforis*' 
which produced them, need not now be re pelted ."'^ P* 
must not however omit the formation of coiiglorneratei 
from the invaded rock, at these poiuts; a circumstance 
equally occurring, like every other one, at the junc- 
tions of Trap. 

The chemical changes of the strata at these points 
are often such, and so extensive, as to have rendered 
it necessary to enumerate some of the rocks so in- 
fluenced, under separate titles from those whence 
they have been thus produced. Gneiss thus becomes 
converted from the schistose to the granitic character 
in almost every case ; clay slate into siliceous schist 
very widely and generally, and, into hornblende schist, 
in a more limited manner, though sometimes very 
extensively, as in Shetland. The entangled frag- 
ments are also often changed into the same substance; 
while the cause becomes demonstrated by tracing the 
gradual nature of that change where the continuity is 
uninterrupted. In the same situations, quartz rock 
is indurated to a crvstalline texture and hardness ; 
and, when containing felspar, it becomes jasper, as 
in Ben na chie. It is repeating former general state- 
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mentSjto note the peculiar interest of these changes j while 
they resemble those which take place in the argil- 
laceous sandstones and the shales when in contact 
with trap. Similarly, the stratified limestones become 
amorphous ; while their texture also undergoes a 
change from the earthy to the crystalline, when pure, 
as, when originally impure, they become cherty sub- 
stances, or else perfect cherts. A change not less re- 
markable occurs in Glen I'ilt, where the limestone in 
the vicinity of the granite is interleaved with cherty 
laminae ; while it is easy to sec that it has been pro- 
duced from a bed consisting of alternating laminae of 
limestone and schist ; the latter having been indurated 
to its present nature, while the calcareous portion has 
remained comparatively unchanged. All these re- 
markable appearances, which I long ago described, 
abound in Scotland ; and they have all been recently 
confirmed by foreign geologists; the last by Ramond, 
in the Pyrenees. 

If there is little more to remark respecting the 
Theory of Granite, than what is deducible from this 
chapter and that on the unstratified rocks, a few 
points still demand notice, while I presume I can now 
trust to the reader for combining the whole. Re- 
specting its successive productions, there ought, a 
priori to be a sufficient number to account for the 
first great revolutions of the earth, and also for that 
original rock whence the first primary strata were 
producL'd. There are at least three traceable through 
successions of veins ; but I shall hereafter sho^v, that 
quoad hoc, the older porphyries and granites are iden- 
tical, while not essentially differing in composition. 
Geologists, reasoning as usual, even where they admit 
the igneous theory of this rock, persist also in ima- 
gining that all the visible granites must have been 



brought to tlieir presenl places in a state of fusion, 
and that every case of contact with the strfita must be 
one of this nature. But tlie older must have been 
elevated by the later in a solid state, as the strata have 
beeuj whatever changes heat may have induced in 
them at the contact of the fused mass, as it has in^d 
gneiss ; s6 that some of the disputed appearances ^^ 
respecting granite may he explained on this ground. 
On the often discussed overflowing of granite, 1 must 
remark, that the Facts here described, and our know- 
lodge of the changes of crystaMization which fused 
rocks undergo in consequence of more or less rapid 
cooling, prove tliat an overflowing granite migiit beH' 
trap in every point of character. Whence the present 
most important, and new conclusion in "Ideological 
philosophv, namely, that as agents in the changes of 
the earth, granite and trap are identical, and that 
while there is an uninterrupted succession of theae^ 
the fact that their characters are interchangeable, 
even when of one aera or in one mass, shows that geo- 
logists have drawn a boundary where there is none, 
and that they cannot even be sure of any one trap, 
except under the clear proof of recent intrusion ; the 
only test of date, yet never a negative one. The 
explanation and general hearing of some minor points 
are so obvious, that the reader ought to be indignant 
at seeing them here stated. 

Granite presents great variety in its tendency tC 
decomposition and in the rapidity of that process. As 
formerly noticed, it does not always req\iire exposnr^, 
to air; since large masses are occasionally f'^'^TT^^I 
destroyed, deep within the earth. If invariable rules 
cannot be established, those which contain red felspar 
are least exposed to ibis chatjge ; from obvious cbe- 
juical causes ; though the mica sometimes producci 
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this result tliroii"h the rustine: of its iron. The fcl- 
spar sometimes also appears to suffer this change 
from the alkali in its eouiposition ; thus producing the 
well-known porcelain days. Hence the colour of 
granite is no rule on tliis anhjett ; many of the puU: 
ones being as durable as the red. IJut those which 
contain hornblende in place oK mica are the most 
durable; uhile this pr()|>erty is most peri'cct us they 
approach the nearer to greenstone, combining, then, 
strength also with durability. This is a (juestion of 
importance; from the extensive n-ie of this rock in 
architecture, and the popular notion that granite is 
necessarily a rock of the highest durability. The 
works of antient uations are sometimes indebted to 
climate for their duration ; and it must also be recol- 
lected, that, under this general term, are compre- 
hended many substances, essentially dilfering in the 
proportion, mixture, and nature, of their ingredients. 

Considering the resemblauce between granite and 
gneiss, it is remarkable that the latter should so 
much more powerfully resist decomposition; as is 
very evident in Scotland at least, almost universally. 
The soils produced by granite vary according to the 
nature and proportions of the ingredients, especially 
of the felspar and mica in the original rock. Where 
quariz predominates, the soil is necessarily barren. 

Metallid. (Veins are found in granite ; and, to us, 
those of Cornwall are the most rcjuiarkublc, contain- 
ing principally tin and copper. Lead, arsenic, cobalt, 
zinc, wolfram, bisnuitb, silver, and iron, also occur ; 
and to these may be added, if less common, manga- 
nese, titanium, uranium, aud gold. 
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Overlying and Trap Rockx. 

The prpcediiig tabular Classification is a necessary 
portion of a System of Geology, and a ground of 
reference for the rocks here described. But, having 
taken different views of what the science demands, I 
shall not here follow it: while if geologists have per- 
sisted in treating of the later trap rocks after the 
secondary strata, it has not been from a correct theory, 
but from following that German arrangement which I 
have discarded. It is triie that there are trap rocks 
later than even the chalk ; but they are also of all 
ages, and cannot therefore be separated by geological 
dates without leading to nnmerous repetitions. Mi- 
neralogically, there is no such distinction between the 
apparently oldest porphyries and the demonstrably 
newest ones, as to allow us to connect these with their 
geological ages ; while there are some as anticnt as 
granite, or older at least than any secondary stratum. 
If they are therefore to be united in one family of un- 
stratified rocks, as they must be, they follow it as their 
most fitting place. If, also, after an examination of 
granite and trap, as new as I believe it to be just, I 
have succeeded in showing that they cannot be effec- 
tually distinguished as mineral compounds, and that 
their geological distinctions are also evanescent, or un- 
assignable except under a conventional arrangement, 
the same, even more frequently, is true of the oldest 
porphyries and the newest traps, here united in one 
division ; while for want of that criterion of ages al- 
ready shown not to exist in these rocks, except in 
casual instances, we are often as unable to assign the 
probable date of an antient porphyry as of a reccn 
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trap. I have piirsueil miles of a porpliyry lying on 
argillaceous schist, believing it luore antient than the 
secondary strata: yet a single vein intersecting the red 
sandstone or the coal series, has in a moment reduced 
this date. Undoubtedly, there are porphyries more 
antient, ranking with tlic granites, perhaps of more 
ages than one. But wliatever tlie apparent proofs 
nmy be, we can do nothing unless we could command 
the negative facts also ; and this cannot be. The 
porphyry of Inverary and that of Kirkcudbright ap- 
pear of different ages ; biit there is a secondary rock 
within reach to betray the date of the latter, while 
there la not one to tell us what the former might have 
been. 

I would indeed willingly separate the antient " por- 
phyries" from the modern ones and the traps, because 
of their respective conucxious and dates, if I knew how 
to do it ; since it would be convenient, until geologists 
are willing to receive what I dare not now attempt, a 
proposal to treat of granite, '" porphyry," and trap as 
a single family, being convinced that gcologiad philo- 
sophy must adopt this, sooner or later. But if, in se- 
parating granite from trap, I have had no other 
resource than a conventional criterion, founded on the* 
assumption that granites must not " overlie" the strata, 
,af^d that tfaps may, there is not even this expedient 
;c^rf^^arati,pg the antient *' porphyries" from the mo- 
.ijUe^n ones and the other traps of latex date. All of 
them " overlie" equally, all overlie all strata, all pro- 
, dnce similar veins with similar effects, all have been de- 
posited under fluidity of fusion on the rocks then 
uppermost, and all have suffered waste, like the strata 
themselves ; so that even a conventional distinction is 
impossible. And if we seek that in mineralogical 
characters, these cannot be trusted. There arc an- 
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tient " porphyries" which are merely claystones, 
clinkstones, and compact felspars, and there are mo- 
dern ones which are every thing that these are assumed 
to he. There are basalts and greenstones among the 
aoticnt porphyries, as there are in the granites ; and 
even the same mass often contains porphyj-y, compact 
felspar, jri-eenstoue, Syenite, and even granite of the 
most gennine character. And thus it must be; siuce 
the composition and origin of the whole is the same, 
and the differences casual ; as far as casualty depends 
on unknown causes. 

Hence is there no other philosophical mode of 
treating this subject than the one which I have adopted. 
Every other must lead to misrepresentation, assump- 
tion, ^or repetitions ; and of the two former there has • 
been more than enough, producing some of the great- 
est misstatcnients which have hitherto encumbered 
geology. Let the distinction for granite remain, for 
the present, what I have assumed, and there will thus 
be one other, to include all the rocks here associated, 
under this essential character, that with numerous 
mineralogical forms, every member somewhere or other , 
" overlies" strata, of diflercnt ages, while in othe^| 
I respects they possess the characters of all the Unstra- 
tiRed rocks. ^ 

Of the general theory of iheir origin it is noi^^ 

superfluous to speak : but if there is a predominant 
granitic aspect or character in certain porphyries of 
apparently antient dates, and if also they contain 
more accidental minerals than others which appear to 
be of later origin, it can probably be explained by the 
theory already applied to granite atid the simpler 
traps, namely, a slower cooling, permitting the exer- 
tion of more chemical alHnities among the constituent 
earths. We may not soon precisely know why 
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granites uud purphyms are so distinct and so complex 
H3 we find them, considering their connnnnity of ori- 
gin in all cases, and of date in many. Vet the ori- 
ginal njatcrials niay constituhi the fundanientdl diti'e- 
rence ; as it may also lx\ what the result is, the anpe- 
rior quantity of {|uavtz. If, in concluding, I have 
adopted the nn-Englisli term "overlying," it was for 
want of a hotter. The term trap cannot conveniently 
be so far generalised at present ; and to use that of 
porphyry exclusively for the aiitient ones, is to call 
that porphyry which is not so, and also to exclude 
tbe later porphyries of the trap family. The porphy- 
ritic character is no distinction, and can only tend to 
perpetuate confusion, like Syenite; while the tendency 
to suhstitute system for fact must be discouraged in 
every manner. 

The substances thus associated under the term of 
Overlying rocks and Trap, are recognised, first, by 
their posteriority to many, if not to all of the primary, 
and similarly to some, or all, of the secondary strata : 
secondly, by the prevailing, if not universal absence 
of the stratified disposition and ttie inechanical tex- 
ture; the whole, with the exception of certain conglo- 
merates, being of a crystalline or a chemical nature : 
and thirdly, by intruding, in the form of large masses 
or veins, among all the neighbouring rocks, while 
these intrusions are also frequently attended by 
changes in the invaded substances. The terms for- 
merly applied to the several members of this family 
were neither just, nor precisely used, nor sufficiently 
nainerous. Unwilling to change where it could be 
avoided, I have defined and limited those which I 
have adopted, while I have added such as seemed 
necessary. Two are entirely new: and necessarily 
>o; because these most important rocks had either 
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not been observed, or not described. But no otber 
essentiiil innovation having been made, the different 
members are as follows ; Claystonc, Clinkstone, Com- 
pact felspar, Basalt, Ofeenstone, Syenite, Augit rock, 
Hypersthene rock, Porphyry, Amygdaloid, and Tuff. 
The term trap has been applied to all these sub- 
stances indiscriminately, from ignorance of their mi- 
neral characters, or to save the trouble of investiga- 
tion ; while, as used by foreign geologists in particular, 
its meaning is often so vague as to be unintelligible. 1 
have no scruple in rejecting a word which, while it 
is the cloak for ignorance, perpetuates it ; but being 
a convenient generic one in topographical am! general 
description, I have adopted it for the whole family in 
the secondary class. The essential minerals in all 
these rocks arc, indurated clay, clinkstone, compact 
felspar, hornblende, augit, hypersthene, and common 
felspar. The unessential and casual ones will 
found in the Classification of rocks. 

The predominant substance in the members of th 
family, is a simple rock ; commencing with indurated 
clay, or Clavstone and terminating with Compact 
F£L>PAR; the intermediate members being Indurated 
CLAYSTONJc and Clinkstone. These sometimes form 
the whole mass ; while, at others, they are mixed with 
other minerals, so as to produce many of the com- 
pounds in this multifarious tribe. Chemistry has not 
proved a real transition between clay and compact 
felspar; so that the present arrangement Is founded 
on the apparent transitions in nature ; all these sub- 
stances occurring together under the same geolog;ical 
unity, often in the same mass, and passing into each 
other without definable limits. The term compact 
felspar, is not judicious ; from well known circu 
stances in the composition of this minerai and ca 



on 
be] 



OVERLYING AND TRAP ROCKS. 



107 



» 



iiion felspar: but I dare not propose a change, until 
a more perfect knowledije shall allow us to reform a 
nomenclatare which will gain Ultle by partial alter- 
utions. How far the claystones may have been the 
produce of a certain decomposition in the other rocks, 
lexaminedin a former chapter, and iicedbnt remind the 
reader of it, here : but if what 1 then showed to he a 
fact is a common or general one, there is a real trans- 
ition throughout the whole of these simple rocks or 
bases. The great diversity of colours in these rocks 
is applicable only to the distinction of varieties. In 
common clay, ec|ually diversified, these are neglected; 
while the series exactly rcsrmblcs that of the clay- 
stones and compact felspars. The prevailing tints 
are various tones of grey, red, and yellow, passing 
towards white ; and the same substance occasionally 
partakes of every colour. In the Syenites and green- 
stones, where these minerals form a part, it has been 
the general and careless practice, to class the dark 
and grey varieties with the latter, and the pale, red- 
dish, or yellowish ones, with the former; as the dark 
hard claystones have been confounded with basalt. 
Thus, under the same relative proportions of horn- 
blende and compact felspar, the one has been called 
Syenite and the other greenstone, because the colour 
of the latter mineral was iu the one case, pale yellow, 
and in the other, iron grey. The ClassitJcation has 
attempted to rectify this confusion ; produced by as- 
saming a distinction which was superficial, and 
neglecting the essential one. The iron appears to 
exist in three states, that of a carbonat, a protoxyde, 
and a peroxyde. In the first case, the rock is pale ; 
the presence of the iron being discovered only by the 
rusty colonr of the decomposed surface ; by which 
criterion alone it is distinguished from cojnpoundt 
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containing no iron. All the grey varieties owe their 
colours to the protoxyde ; as intensity of colour is a 
sufficient test of its proportions. From the yieroxyde 
five derived the varieties of red and brown ; and it is 
worthy of remark that the porphyritie veins found in 
granite, are generally characterized by these colours, 
while grey or black predominatea in those that occur 
in the .secondary strata. 

The trrni Basalt has been hitherto applied to every 
trap rock characterized by uniformity and minuteness 
of texture, united to a black cohiur ; but these do not 
form a nnneralogicd species. Thus it has included 
the dark and hard claystones and clinkstones, and the 
greenstones of a minute intermixture ; while, as I 
have ascertained, the fine augitic greenstones, together 
with pure augit in a miuute condensed crystallization, 
have etjually been coufomidcd under this term, by the 
multitude, more ready with names than acquainted 
with minerals or rocks. Let: it at least be a definite 
rock ; and as all the others are classed, it should be 
limited to a minute aggregate of hornblende alone. 

(jREENsToNE has hccu supposed to include the dark 
coloured mixtures of hornblende and compact felspar; 
but I have just said that colour is not a true ground 
of distinction between tlieiu and Syenite. But the 
very term itself is the produce of that mineralogical 
ignorance which I have tried to correct by the esta- 
blishment of Augit rock. This is often a greenish 
substance, but the mixtures of felspar and hornblende 
never are so : the reputed mineralogist who has mis- 
led all that ever believed in him, appears to bave con- 
founded augit and hornblende. Greenstone must 
now mean the mixtures of hornbhiule, yet not with 
compact felspar alone, hut with clinkstone and com- 
mon fcl-spar also, rfpiallv overlooked ; while it 
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fTident that the boundaries of rocks so nearly allied, 
iiinst be evanescent. It is under this hist composition 
that greenstone so often possesses the granitic cha- 
racter ; being often, when separated from its con- 
nexions, undistinguishable from specimens occurring 
Id granite. In many cases, under an apparent resem- 
blance, the existence of quartz in the latter, forms a 
distinction, though not a certain one : while the presence 
of sphene and other minerals is not sufficiently con- 
stant for this purpose. It is one of the cases of the 
intimacy of character among unstratified rocks far 
distant in geological time. 

1 have shown that the old distinction between 
Greenstone and Syenite is a superficial and incorrect 
one; but this term' must be retained for the sake of 
the triple and quadruple compounds in this family 
which become, mineralogically, granites ; while I 
have rescinded it out of that one, as I have done 
greenstone both from granite and hornblende schist, 
to prevent future geological confusion. If I retain it 
for the binary compounds of hornblende, I would wil- 
lingly limit it to those with common felspar, and in 
which this latter predominates ; while it is plain that 
its limits towards greenstone must become evanescent. 
But averse to more iuuovation than is avoidable, it may 
remain as the name of any binary compound also, in 
which clinkstone or compact felspar similarly pre- 
dominate, while equally then graduating into the 
analogous greenstones. 

If the distinction of Augit rock is new, it is much 
needed, as it appears to be verv abundant in nature ^ 
and, in my own experience, more so than greenstone; 
with which it has been so confounded. It may be dif- 
ficult to jl'istinguisli Augit from hond)lende, wlien in a 
minute state and much intermixed ; but every mine- 
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ralogist ought to be ;ibk to iiiiike tlic distinction, in 
any rock. Like greenstone, by the predoniinauce of 
the felspars over the augit, it aasiiiiies the aspect of a 
binary Syenite, to careless mineralogists ; while in mi- 
nute intermixture, or else, as pure augit in minute 
condensed crystals, it puts on the aspect of a basalt. 
I have already said that many of the reputed basalts 
are of this nature. Augit rock presents an interesting 
analogy to the produce of volcanoes, in which this 
mineral is far more often present than hornblende. 

I have equally been obliged to introduce the ne\ 
term Hvpersthene rock, for an important member 
of this family, never before described, or even sus- 
pected ; especially as possessing geological character^! 
very dift'erent from the other associated substances, 
while consisting of mixtures of Hvpersthene witi 
either kind of felspar. It is a rare rock, or else it ha 
ofted been overlooked, or confounded with ordins 
greenstones, as it had been in Scotland until the pub-' 
lication of The Western Islands. In Sky and in Aird- 
namurchan, it forms extensive tracts, and probably 
abounds in Greenland and Labrador. In general, it 
presents the external large features of granite; rising 
into spiry summits, and exhibiting a durability very 
rare among the members of this family. It is equally 
disposed in huge convex beds, separated by actual 
fissures, or by their indications ; while it also divides 
into prismatic and cuboidal masses. It is also found 
in large spheroidal concretions, extending to fifty feet 
and upwards in iliametcr ; but I have observed no 
examples of the prismatic or columnar structure. It 
occasionally exhibits the same tendency as granite, to 
decompose in crusts; and thus presents an occasional 
schistose structure, which, as in that case, may be^only^ 
the result of weathering. 
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The general structure is granitic; varying from that 
of the coarsest granite, through ull possible varieties, 
to a degree of minuteness such that the particles are 
scarcely distinguishable by the eye ; and thus, in many 
of the intermediate states, resembling common green- 
stoncj with which it had been confounded by minera- 
logists, who had even walked over miles of it. Some- 
times containing superadded distinct crystals of felspar, 
it resembles the porphyritic granites, and it also pre- 
sents one othci' general resemblance to granite, in occa- 
sionally containing garnets; while, lastly, it sometimes 
resembles gneiss; being fissile, from the parallel position 
of the crystals of hypersthene. It resists decomposition 
powerfully; appearing to undergo no waste, gene- 
rating no soil, and thus presenting an aspect of bar- 
renness unequalled by any other rock; while the inde- 
structible hypersthene continues to project on the sur- 
face, so as to cause a singular roughness by which it 
is easily recognised, by the touch, or even by the feet, 
blindfolded. 

The term Porphyry is applied to a rock in which 

crystals of common felspar arc imbedded in a simple 

or a compound base. Hence the numert*ns varieties 

noticed in the work so often mentioned. But thi« 

structure does not form a geological distinction, nor 

accompany any steady difference of character among 

these rocks: occurring, even as an accident, in the 

most recent traps, as in the most antient, where the 

prevailing character is simple, and also in the other 

members of thig family here enumerated. To some of 

the recent porphyries, the term Trachyte has been 

ktely applied ; being extended also to other associated 

rocks, and even to Pumice. I am not aware of any 

peculiar advantages in this contrivance ; which, like 

the rest of this Gallic neology, seems to serve no pur- 
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pose Ijut that of creating mystery, by appearing to 
imply knowledge unknown to those who are content 
with common phraseology. lie who docs not exphiiii 
himself in received language, wishes to appear more 
profound tlian others; and he who cannot, may fairly 
be suspected of knowing less. The rocks of this 
family especially connected with the primary strata, 
are geneiully porphyritic, though not invariably 
so. Though the antiquity presumed from tjiis con- 
nexion may often be deceptive, they present a very 
general peculiarity of minenil character, often ap- 
proaching to that of granite ; the base being frequently 
granitic, of mixed minerals, and ivhen simple, consist- . 
ing of compact felspar, exclusively; while they al9||fl 
contain metallic veins not occurring among the receni^' 
traps. The porphyries of these are far less varied: 
but I must refer to the Class! 6 cation for what I nee d i 
not here describe again. ^H 

The ignorance, or system, of the German geolo- 
gists liad classed the older porphyries among the stra- 
tified rucks; but they possess all the geological cha- 
racters of the more recent and ordinary traps, except- 
ing as these may have been modified by their peculiar 
connexion:). The supposed strata, when superficial, 
are rigidly analogona to those of Trap ; and the falla- 
cious appearances of interstratification, are either the 
produce of beds shaped by the primary strata in con- 
tact, or conformable veins, or else, as in granite, the 
result of the laminar concretionary structure on the 
great scale. 'I he practical student who has been be- 
wildered by the difficulties attending the great deposits 
of antient porphyry as they have been hitherto de- 
scribed, will be no less thankful for the facility afforded 
him by this account of their real nature, than the mere 
reader, for being thus saved pages of unintelligible 
description. 
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The AmygdalIhds demand a few words, tlionglj the 
Origin of the iinhedded noduk-s has hccn formcrlr 
exaainied. In the analogoi^s lavas, which are cavern- 
ous and empty, or cavernons and filhxl with various 

id by the extri- 



mincrals. the caverns have been canaec 
ration of air or steam during fnsiou ; while, under a 
pressure preventing that extrication, there arc pro- 
duced solid, instead of scoriform lavas. In tlie 
amygdaloids, superficial empty cavities sometimes re- 
sult from the waste of the included minerals under 
exposure; but, in other instances, they are deeply 
situated in the mass, where, neither air nor water 
could have had access, or whence, at li'ast, the sup- 
posed nodule could not have been removed. And as 
the interior of such cavities is in all respects similar 
to those of the volcanic scoria, while they are also 
often elongated, and even contorted, under a corre- 
sponding elongation or contortion iu the whole mass 
of rock, it is evident that these cavernous rocks hate 
not been subjected to a pressure capable of preventing 
the extrication of air ; as I need not repeat that they 
could acquire this character from no cause but fusion. 
It has often lieen said, by those who have written 
so much on what they did not know, that the cavernous 
structure was a test to disling-uish lietw^eeu the traps 
and the volcanic rocks. But it is nut so, unless the 
Little Cumbray be supposed the remains of a volcano. 
Had even the rock of Edinburgh Castle hev.n examined 
by those who wanted no opportunities, this assertion 
could never have been made. The Claystones of that 
island are often as perfectly cavernous as the scoriform 
lavas, and so light as ahuost to float on water; while 
it is superfluous to say that tlie caverns have been 
always empty: their elongated or tortuous forms and 
interior varnished surfaces, moreover, rendering them 
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undistinguishable from the cavities of volcanic scoria. 
And this island must be formed of trap, if the neigh- 
bouring tracts in Bute and on the Ayrshire coast are ; 
because they are all, unquestionably, parts of one 
general deposit. The same argument is indeed equally 
derived from all the amygdaloids ; under the explana- 
tion which I formerly gave of the origin of the imbeddei] 
nodules. And if this is therefore no such test as has 
been asserted, it is not true that the trap rocks have 
been necessarily subjected to great pressure, or, as 
inferred, that they have all been formed beneath a 
deep sea. Nor is there even the imagined necessitj 
for this supposition on the part of these superfiidial 
system-makers; since the general question of the 
igneous origin of trap is not implicated in the esta- 
blishment of that opinion. Many rocks of this nature 
may have been thus formed, beneath, or amoiig, the 

. strata with which they are now associated above the 
level of the ocean, having thus also elevated tb'eiu 

, from beneath the water ; as the volcanoes of Italy and 
the Coral islands have moved the superincumbent strata 
to their present positions. But it is also a mer6 dis- 
pute about terms, to refuse the name of submarine 
volcanoes to these eruptions of trap. They are such 
\^ every essential point, if they do not now eject fire or 
smoke ; they are extinguished volcanoes, as much a* 
are those tracts in Italy where similar elevations of the 
strata have occurred, and where the volcanic action 
has ceased. And if the limitation of formations of 
trap to the sea, while the land has escaped thiem, is 
absurdly hypothetical, it is equally unnecessary; since 
the pressure required to prevent the extrication of aif 
may have taken place on the land as well as under the 
water ; as is fully proved in Volcanoes, by the existence 
of solid lavas, which, in other situations, would ^ 
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rnons, ;ind whirh^ rirc somptimcs Itnth solid and 
ravcrnoiis, according to their depths in different places. 
Thus iuay the Trap rocks have liceii foreiied among 
the secondary strata, after their elevation, or on t]je 
dry laild, as well as under the sea: while the usual 
process of waste would first remove the portions 
peculiarly characteristic of volcanoes, or those which, 
being superficial, are also the most cavernons. 'And 
that this has actually happened in volcanic districts, 
is indicated in Sardinia, and in many other places. 
Thus, antieut volcanoes, terrene as well as submarine, 
may have been the origin of the present trap rocks ; 
as is rendered further probable by their repetition in 
the same place. Thus also might the secondary strata 
remain covering the volcanic rock, until removed by 
subsequent waste ; and such may be the origin of the 
traps with flat surfaces, occupying the summits of 
raouDtains ; just as a future waste of the Apennines 
would expose rocks truly volcanic, with all the cha- 
racters of our own traps. 

This view is confirmed by the circumstances attend- 
ing the trap rocks of Transylvania; while the nattires 
of the substances render the argument equally appli- 
cable to the whole tribe of these rocks. In this very 
extensive tract there occur porphyries, of which some 
almost assume the granitic character ; and it contains 
a Solfatara, still hot, while, at Budosbegi, there are 
also the marks of a crater. There can he no donbt 
that these volcanic indications belong to the fires which, 
at some remoter period, produced this tract of rock j 
and it is confirmed by the analogous case of the Andes, 
where the long chain of extinct volcanoes which 
includes Popoyan, is situated in a similar chain of the 
same porphyries. Nothing more seems wanting to 
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prove the idendty between the trap rocks and th« 
Tolcainic ones, and the common cause of both. 

The liist member of this &nulj is Tuff, or tufo ; 
while, presentia^ some important differences of geo- 
logical origin, I most here distinguish what geologists 
have always contonnded onder a mineral term, with 
thtf usual neglect of causes, or of geological philo- 
sophy. There are conglomerates of trap under this 
name, that are merely portions of the old red sand- 
stone, in which, more or less of the casual materials 
have been derived firom autient traps. Geology re- 
quires that they be separated, and ranked as varieties 
of that saud$toue. Again, it is not unusual at the 
junctions of trap with the same sandstone, to find that 
the fused rock has invaded the conglomerate, while, 
in altering some of the fragments, it has given to the 
whole the a<«jiect of a rvul trap conglomerate or tufo, 
yet only iu the eves of those who cannot make the 
distinctions which appear never yet to have been 
made as to this case. If Geology is to mean what it 
OQght, this must also be rescinded from the trap tufi, 
while its place iu the system is obvious. There re- 
main then but two varieties that I know of, to be 
truly placed under this title; and both consist of 
mixed fragments of all sizes, rounded w not, with 
trap sand, often so little adhering as even to leave in- 
terstices, though these are sometimes filled with in- 
filtrated carbonat of lime. Each kind is covered by 
or alternates irregularly with solid trap, as they also 
sometimes occur in apparent veins, further containing 
occasional lignites, as is hereafter explained. Their 
ftisible nature, added to their mere existence as tufofc 
proves, that however connected with solid traps, they 
have not been subjected to much heat, while their 
non-conducting power will explain their escape under 
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•nch circumstances. I cannot doubt tlial some of 
these were originally, eruptions of volcanic *' ashes," 
or volcanic mud ; and they confirtn that identity of 
origin between volcanic and trap rocks so often here 
inculcated. And, from what I can observe, the other 
kind appear to have been formed out of casual and 
local fragments, produced in the usual manner from 
antient traps, and subsequently overwhelmed by new- 
eruptions. At home, this case is evident in Caima ; 
and if I cannot find it distinctly recorded by others, 
there is an analogy to support it in that case of granite 
already quoted at Predazzo. 

The great features of this whole f.miily present ex- 
amples of every species of outline found among other 
rocks, with some which seem peculiar to themselves. 
And if sometimes regulated by the nature of the dif- 
ferent leading varieties, considerable differences in the 
outline of a country sometimes occur, where the 
rocks arc the same ; and the reverse. 

It is not unusual to find a land of low and tame 
undulations, consisting solely of claystone, porphyry, 
and greenstone, while the same rocks produce compli- 
cated groups, or ridges, or single mountains, of consi- 
derable elevation and of distinct rounded, or conoida? 
forms, rarely exhibiting any other abrupt faces than 
those produced by the casual position and flow of 
water-courses ; the causes of these tame forra^ con- 
sisting in the yielding nature of the materials, and in 
the ready disintegration which the rocks undergo. 
Thus, by the gradual descent of the fragments, tlie 
original asperities are softened and tlie cavities tilletl 
up ; while, the whole progress of the change may 
often be traced, from the sharp and projecting face or 
pinnacle, to the even and gently swelling declivity. 
Where inimical to vegetation, or when the dfjccnt of 
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the materials is so rapid as to keep it in check, the 
surface is fortucd of auch fragincnty, tu a great 
depth ; while, more gcucnilly, hoing productive of 
fertile soils, the whole is obscured hy the vegetable co- 
vering. In the older porphyries, disphtying projecting 
rocks and precipices, it is often difficult to distinguish 
between the monntains and those formed of the pri- 
mary schists ; ibe characters being often also very 
striking, tis in Glenco. The more <lurable varieties 
of trap sotnetiuics also exhibit the pecuhar spiry 
forms of granite, as they resemble it iti other respects ; 
and I may refer for an example to the Cuchuliin hilUj 
of Sky. ■ 

But they also present some peculiarities scarcely 
found in any others ; among which is that of distinct 
masses insulated on the surface of a, district of strati- 
fied rocks, or crowning, in single summits, some 
mountain of another substance. These occur indif- 
ferently on all other rocks, not excepting granite ; 
while they consist, either of the older or of the more 
recent members of this family. Ben Nevis presents 
a remarkable example of an autieut member of tliis 
division, lying thus on granite ; and Morven disphiys 
equally striking instances of a more recent one, 
covering the modern strata which contain coal. la 
other cases, the mountain outline consists of a suc- 
cession of terraces, either horizontal or slightly in- 
clined, bearing that resemblance to a gigantic stuir,-jf 
case whence the term trap is su])posed to have been 
originally derived. This appearance arises from the 
rsucccesive vertical fracture of the beds of which such 
mountains are composed ; and where only one snch 
fracture occurs on the snnjmit of a hill, another pe- 
culiarity, by which these rucks are easily recognised 
at a distance, is also produced ; in the long and rapid. 
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sTopc resulting from tlic fall of tin- iiiaternils. These 
latter features appear to occur peculiarly where these 
rocks are iiicunihent on the secondary strata j hut 
they are not limited to one particulur member of the 
family, since they belong to basalt, to greenstone, ami 
to claystonc. 

The rocks of this family are found incumbent ou 
every other rock from granite to chalk ; as the recent 
members sometimes also cover the more ancient ones 
in a similar manner. But the compound porphyries, 
those with a base of compact felspar, and the simple 
compact felspars, are, generally, in contact with the 
primary rocks ; yet not exclusively, since the most 
recent traps covering the secondary strata, sometimes 
also occupy the same position, though these parti- 
cular porphyries are seldom found upon the secon- 
dary. Perhaps they never thus occur in extensive 
masses and with decided characters throughout ; but, 
as many of the most recent n^embers approach in 
character to those which appear more antient, it is 
impossible to acquire absolute certainty in any case, 
without a critical examination of all the circumstances. 

If the forms of these great masses are very diver- 
sified, so are their lateral extent and depth, llicy 
sometimes cover a great range of country, as in 
Spanish Amctica ; while, even with us, the Cheviot, 
the Campsic, the Penthind, and the Ochil hills present 
considerable tracts. On the other hand, they frc- 
ijuently occur in minute patches, or as insulated 
mountain summits, the examples of which, in Scot- 
land, are too common to demand quoting. Their 
depths are equally various, that of the Cuchnllin hills 
reaching to 3001) feet at least ; while in Scotland they 
range from that to a few feet in thickness ; though 
in this case, as njight be expected, their lateral extent 
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is inconsiderable. The pcninsulii of India, and Soutli 
America, present wtll-known examples of enormous 
depth as of extent. ^m 

Of their original forms and dimensions, we hav^^ 
more reason to be doubtful than even of those of the 
stratified rocks. Independently of those usual causes 
of waste to which all rocks are subject, many of 
them appear peeniiarly susceptilile of decomposition. 
Hence their frecjuently insulated state, and t!ie eonse- 
qnent dilliculty of conjecturing? the nature of many of 
the independent masses which occnr. From this, and 
from their pecnhar relation to the stratified rocks, 
arises the difficulty of determining their relative 
periods of deposition. Excepting a fi-vv particular 
cases, if it were asserted that the wliole were the: 
work of one interval of time, it would not always be 
easy to find arguments to refute the opinion. It is 
repeating a former statement to say, that extensive 
losses of the secondary strata are to be traced, and 
that these never covered the primary in every part ; 
whence a mass of the overlying rocks deposited on 
such a surface, might be in contact, in one part, with , 
granite or gneiss, and in another, with one of the | 
latest of the secondary strata; causing a fallacious 
apparent distinction in the time of deposition. And | 
as these rocks present signs of extensive waiite, 
perhaps even in a greater degree than the stratified 
ones, it is evident that two masses might be esteemed 
distinct, and distant in origin, though originally one, 
should the discontinuity occur between tbc portions 
lying on the secondary and those lying on the primary 
strata. Tlie fact itself is ..onnnon, and easily proved ; 
particularly in the case of the insnlated hill summits 
just mentioned. To what extent indeed that waste n>ay 
have existed, it is impossible now to know ; so tbat it i> 1 
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n eijUiiUy inipohbihle to iK'tennine whether there 
is any difffrencr in the a-ras of tlie several deposits of 
trap, or whether they may not, acrordini: to this hy- 
pothetiral statement, have been all parts of one gene- 
ral formation. I have, however found the ineuus of 
proving that such deposits have taken plaee at different 
and distant times, and that some of them are of an 
origin prior to the formation of the Hccojidary strata. 

In the lowest red sandstone in different parts of 
Scotland, there occur imbedded musses of these sub- 
stances, in considerable quantity and variety, and 
bearing the marks of attrition. These materials must 
have been derived from primary rocks ; and thus the 
existence of trap formations prior to the deposition of 
the secondary strata is established. And lest it might 
be inferred that those were merely the varieties of 
granite which I have described, I must remark that 
luany of them are aniygdaloidal, and some cavernous; 
as they all resemble the later members of this family. 
There are circumstances in the veins of these sub- 
stances traversing the primary rocks, which lead t<i 
the same itiference of antifpiity as to them, if they do 
not absolutelv prove it, since they rarely if ever occur 
in those which traverse tlie secondary strata. Their 
base is that compact felspar, generally coloured ])y 
the peroxide of iron, which distinguishes the well- 
known porphyries, while the crystals of felspar are 
rarely absent, and commonly almudimt, compared to 
their occurrence in the later veins. They also Ire- 
(|uently contain mica and quart/,, which are rare in the 
later, together with pinite, which has never yet been 
found in these ; presenting other characters less easily 
defined than recognised, while fretjuently also assum- 
ing H granitic chaiactcr. And if such veins never are 
Uaccd from the primary rocks into the aecoudM'ii 
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while those of a diftVrent aspect, connected with tlie 
iHRSscs that lie on the secondary rocks, pass into the 
priniiiry strata, the fact of at least a relative antiquity 
is ascertained ; and thus also there must be masses 
ei[nally distant in time, since all veins thus originate. 
In the later ones indeed, it is often easy thus to trace^ 
the veins ; while, as in granite, the parent masses 
nmy in otlier cases be invisible, or may have disap- 
j)eared in the progress of time ; though, even in the 
apparently antient, this connexion is often to be dis-jj 
covered. These then might be placed in the primary 
class, if any one is desirous of such a distinction : and,, 
they would thus rank, in lime, with the granites,' 
with which their essential connexion must be suffici- 

|Cntly apparent. 

The same causes render it difficult to determine the 
numberof periods of production in these rucks; though i 
there should have been many, not only in the lateral 
traps, but in the " porphyries" of a higher antiquity 
than the secondary strata. I have shown that, in these 
cases, no stress can be laid on tlie circumstance of con- 

'tact with particular strata; so that, as in granite, we 
are limited to the test derived from intersecting veins. 
And when these are found to cross, so that the first is 
also shifted by the second, there is evidence of a de- 
cided posteriority in the latter, while wc can equally 
infer that there have been at least two formations of 
overlying rock among the primary, as there have been 
among the secondary strata, and both of them before 
tlie foundations of the latter were laid. If there have 
been more than two of this early date, I know not that 
I have produced proofs to satisfy myself; yet they may 

.have occurred to others, since the fact is not impro- 
bable. It is a much more difficult c|uestion at present, 
to ask whether the giunitcs are all piior to these early 
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examples, and wluit are the relations of date amoiij^ 
the several granites and the difll-reut jjorphyries. I 
have never -seen a granite veiu traversing; a porpliyry, 
and I know not that any one else has; while if this bea 
fact, the oldest porphyry is more recent than the latest 
granite. Yet I f«'ar that this will ever be one of the 
insuperahle difficulties in this f^reat family of the un- 
stratified rocks; because, under what 1 have shown 
respecting the frequent coninmnity of character be- 
tween i^ranite and 'trap, under the changes which a 
trranite mass undergoes in its veins, under the fact that 
actual porphyry does occur in tjranitc, as a casual 
change in the crystallization, independently of that 
gradation between the two in the cases of porpliyritic 
granite and granitic porphyries, and lastly from what 
we know of the clieaiical causes of these variations, 
we never can be sure that a mass or a vein of por- 
phyry may not be the mere local variation of a granite. 
And thence perceiving that geological dilHculty which 
geologists have never yet contL'ni[>lated, because they 
have ever observed and reasoned as mere mineralogists, 
apon specimens and not on geological principles and 
causes, the reasons for treating of all the unstratilic-d 
rocks as one family become still more apfiaient, if we 
intend to investigate geological science, and not to col- 
lect and examine mineral masses, imagining at the 
same time that we are learning and teaching Geology. 
Jf, equally, aniong the traps in the secondary strata, 
noproof of two or more deposits is derived from their 
contact with beds of different dates, J must now re- 
mark that the superposition of one mass above another, 
even if of different kinds, affords none. These may have 
heen made in succeRsion during one interval ; wliile 
differences of couijiobiiion and eliaraeter e(|ually prove 
iiotbiug, since they occur, iu a mixed and graduating « 




124 



DVERLVINC AND TRAP- ROCKS, 



manner, in tlie same mass, and even in the tame 
vein. 

Yet a succession of at least two, if not of more such 
fonnatitma is proved, as in the t'ornier case, hy means 
of veins, traversing masses or intersecting other veins ; 
while I think that I have traced more than two such 
sets of veins ; whence we can infer an equal nninber 
of masses, or distinct productions of trap. A different 
proof of such a succession of productions occurs iu 
Canna, where beds of trap alternate with strata 
of a conglomerate containing rounded nodules of si- 
milar materials. These, it id plain, must have been^j 
derived from prevfous masses of a similar rock; vvhiidH 
it is equally evident, that there umst have been an in- 
terval of time between the two, to produce the attri- 
tion and accumulation in fpicstion. The last proof of 
this succession of trap at distant intervals is that, al- 
ready noticed, where the lowest sandstone contains, 
among otlier materials, many varieties of this familv, 
such as greenstones, porphyries, elaystones, and amvg- 
daloids : while, being covered hy masses of trap, tvvo' ' 
productions, and of extremely remote date, are thus 
proved. But further, .as both in tliis case and in that 
of Canna, the superincumbent masses are traversed by 
trap veins, there is absolute evidence of three produc- 
tions at distinct periods, should the triple set of veins 
in Airdniunurchan not be satisfactorily demonstrable. 

If tile former indispensable general remarks on the 
l^nstratified rocks have anticipated much of what 1 
cannot nevertheless avoid noticing in the histories of 
the different families, though under some repetition, 
the two last cases arc those whence I deduced a most 
important conclusion respecting the repetitions of pro- 
ductions of trap in one place. The trap conglome- 
rates of the red sandstone scries, are limited to certaii 
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portions of the general district formed of these strata; 
and the more recent masses of trap wliich cover and 
intersect them, are also Hmitcd to the same space. In 
Canna and near Oban, the rounded nodules betray 
other marks of long exposure than their attrition, ia 
the loss of their superficial amygdaloidal nodules; 
both facts showing that these tufos and trap alhivia, 
originally limited to one phiee, have been consolidated 
bv fresh formations of trap at a distant interval of time, 
and in the very same spots. And this conclusion is, 
to establish an important point of resembhnicc between 
the trap rocks and thoso of volcanic origin ; or of 
proving, that like volcanoes, eruptions of trap have 
been repeated at the same points. The complicated 
■accessions of veins in Airdnamurchan afford further 
evidences of the same nature ; as similar ones might 
be pointed out in many other places. Combined with 
the local and limited nature of the trap rocks, these 
facts serve to extend that identity, rather than resem- 
blance, between volcanoes and the sources of trap, which 
is evinced by every fact and feature in tlje history of 
this family. 

If the trap rocks are generally associated with the 
secondary strata, this rule is not exclusive, yet the con- 
clusion to which it leads, is not very important. If 
the secondary strata covered all the primary at the time 
of the formation of the trap, it must necessarily be al- 
ways thus associated; and its present existence above 
them only proves that it has protected them from that 
waste which may have removed other parts of the sur- 
face. But its contact with the primary does not prove 
that the secondary may not have once existed even in 
those situations; as the recent period of its formation 
might have admitted of the intermediate removal of 
the portions now absent in those places. 
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Besides the sapcrincnmbcnt masses thus disciisspf 
the trap rocks occur in beds, alternating ■wath, or sur- 
rounded by the stratified ones ; wliilc I need not dis- 
tinguish between the primary and secondary strata; 
as the same appearances are found in both, though 
much most frequently in the latter. These beds vary 
in thickness and in frequency of repetition ; forming, 
at times, mere laminae, at others, considerable masses, 
but being commonly, both limited and irregular. When 
carefully examined, and through a considerable extent, 
tlicy present many peculiarities by which they are dis- 
tinguished from the associated rocks. Though often 
appearing to be parallel, that parallelism is either im- 
perfect or not persistent. They are often, it is true, so 
situated, that sufficient access becomes impossible ; 
but, I have described cases in Sky, where even after 
maintaining their regularity for a mile or more, they 
have given indications of their peculiar nature ; by in- 
tersecting the same strata to which they were elsewhere 
parallel, and then holding a similar course lietween 
another pair. In other cases, an apparent parallelism is 
proved, on a rigid examination, to be fallacious; while 
in otlicra again, the same vein whicli intersects a large 
mass of strata, loses that direction at anotiicr point, 
and runs parallel tothcm; thus also producingtlie decep- 
tive appearance of an alternating bed- These alternating 
masses must tliercfore be considered as veins holding a 
course parallel to the strata in which they lie, as in 
the case of granite, and not as beds deposited in alter- 
nation with the strata. And this is further confirmed 
by the comnmuication of an overlying mass with such 
apparent beds; which are thus shown to be veins in a 
peculiar position, diverging from it, as the more com- 
mon transverse veins do from similar masses. Such 
apparent beds also themselvcH raniifv: giving out mi- 
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nnter branches into the snrronnfh'ng stnita, or else co- 
alescing and being again separated ; neither of wliich 
true strata ever do : while, lastly, they are found en- 
tangling fragments of tbe surrounding rocks, which 
remain insulated in them, under those fractures, in- 
curvations, and changes of fjiiality, which have been 
•SO often noticed. It is ahnost unnecessary to say that 
this description equally applies to the supposed alter- 
nating beds of porphyry among the older rocks ; but, 
among tliese, it appears to be a less common occurrence. 
These parallel veins explain a not mtfrequent case in 
which trap presents a still more doieptive appearance 
of stratification, by occnpying the surface of the coun- 
try and maintaining an apparently equal thickness, 
with a general conformity to the secondary strata on 
which it lies. Salisbury craig near Edinburgh is a 
well known example of this; but a much more 
perfect one occurs at the Garroch head in Bute. It 
is plain that this has arisen from the loss of the su- 
perior and secondary strata in which these beds had 
once been included ; and thus the accuracy of their 
forms is explained, together with their present supe- 
riority of position. And any doubt of the truth of this 
explanation is removed, by actually tracing the waste 
of the strata in such cases, and by finding portions of 
them still remaining after the greater part had disap- 
peared. 

There is one distinct case, however, in which these 
rocks may and do occur in the shape of strata, without 
forming veins, or having intruded among the strati- 
fied rocks. I have elsewhere shown that the eftect of 
the proximity of trap to sludcs is such as to convert 
them into substances resembling basalt; and thus real 
basalts arc sometimes interstratified witli siliceous 
schists, with cherts, and with jaspers, derived from the 



V2S 



OVERLYING ANU TRAP ROC^KS. 



uctioii of heat on tlie original strata. And if I have 
rUo proved the partial fusion and conversion of schists 
into basalt, greenstone, or porphyry, such cases need 
not be limited in extent; while it is easy to see-lhat a 
body of various strata, thus acted on, must exhibit re- 
sultH proportioned to their respective capacities for fu- 
Kion. The most fusible material becoiues converted, 
into basalt or greenstone, or, nnder less heat, into 
siliceous schist, the argillaceous limestones into chert, 
and the sandstones into other analogous compounds; 
while the infusible clays become jasper, or, like the 
red iron clay so common among these rocks, retain 
their loose texture. Tins hypothetical case actually 
occurs in Sky, on an enormous scale ; and it is only 
to extend the powers of this cause, even far within 
the limits which it has obviously exerted in nature, to 
explain many of the examples of stratification in trap, 
to which the former solution does not apply. As a 
striking example in point, I may again refer to tlie 
jiorphyry near Campbelltown ; where the intermix- 
ture of fragments of schist, ami their gradual conver- 
sion into the nnstratificd rock, arc perfectly obvious. 
A pbenonienou preciselv similar has been since ob- 
served at Schemnii/ in Hungary, and will, no doubt, 
be oftener seen, as observers learn to follow where 
they had never known how to lead. 

The last form in which the rocks of this family 
occur, is that of veins. These abound etjually in the 
most ancient as the most recent traps, and are often 
indeed the only remaining traces of the former ex- 
istence of extensive masses. Varying exceedingly in 
size, the largest ones bear such a relation to the over- 
lying masses, that I should have already noticed them 
had I not considered that they would be better unt_ 
derstood in thiji place. 
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Occasionally there occurs a mass of trap, which in- 
strad of being superimposed on the strata, is placed 
laterally rcsjiecting thciii, or else covers, in one part, 
the same body to Avhich, in another, it approximates 
in that manner. Examples of this occur in Sky and 
in Morven ; while a careful examination shows that 
the lateral approximation is an intersection ; so that 
the mass is, properly, a vein. These intcrscctipg 
masses are often of enormous dimensions, extending 
even for miles ; and, like the smaller veins, they 
reach to unknown depths; probably forming a com- 
munication between the overlying masses and bodies 
of sifliilar or greater dimensions, situated beneath the 
strata. That such masses do exist beneath, as well as 
above the stratified rocks, is evinced by the circum- 
stances often attending veins, were it not even a ne- 
cessary inference from the general theory of their 
origin. In these cases, the intersected and bent or 
broken strata are also turned upwards, as if by a 
force acting from below ; indicating the place of the 
parent mass and the progress of the intruding mate- 
rial upwards. Bute presents an excellent example of 
this fact. In Sky and elsewhere, strata are also 
fonud bent over an interior or subjacent mass of trap, 
of inaccessible depth : displaying, distinctly, what the 
theory had inferred; while, in other instances, they 
have been broken as well as bent, so as to have 
given exit to the subjacent material. This particular 
niodiBca'tion is obviously analogous to the cases of 
granite, whic h trap resembles in so many other par- 
ticulars ; and it has given rise to the inference for- 
merly examined, that, in the predominant cases, it has 
been protrndcd from beneath in a liqnid state ; being 
thus analogous to those products of volcanic eruption, 
with which its mineral characters correspond so nearly, 
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vary id size from a breadth 

^^ s zIk tfcickness of a thread : these 

as far as I have seen, only 
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(Icntly disappeared over the remainder of this tract. 
But such superHciid connexions, visible or inferred, 
are by no means necessary, since, as in granite, many 
trap veins are connected with deep-seated bodies of 
rock only ; as they sometimes also are with super- 
ficial nuisses at the same time ; the vein uniting the 
productive source, in this case, with the portion 
which has overflowed. This could not be otherwise, 
from the very theory ; and the real, prime source of 
the veins is essentially below, though the apparent 
and immediate one should be in a superficial mass. 
Hence there may be trap veins which never were con- 
nected with a superincumbent mass ; since it is not 
necessary that even a volcanic lava, splitting the sur- 
rounding strata, should become an open stream. It 
is almost unnecessary to say that these veins cross the 
strata at every possible angle ; but these being gene- 
rally high, and very commonly vertical, it is an addi- 
tional indication of their probable origin in deep sub- 
jacent masses. 

The matter of the veins is nearly as various as that 
of the rocks already enumerated ; every variety 
having occurred to nie under this form, except hy- 
persthene rock. Yet the observations on this sub- 
stance, as yet limited to my own, are not sufficiently 
extensive to allow of so improbable a negative ; and 
it will doubtless hereafter be proved obedient to the 
general laws. Had Sky been other than it is, I 
would have found these veins long ago. If, in general, 
there is but one mineral variety contained in a given 
vein, there are exceptions to this rule ; as I have for- 
merly pointed out veins containing basalt, greenstone, 
porphyry, and amygdaloid, placed in parallel laminae, 
, with others where these various substances were inter- 

■ mixed in an irregular manner. 
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Turning now to tl»e chemical effects produced on 
the adjoining rocks by these veins, there are fevr 
changes in those where the overlying rocks appear to 
be of the most distant date; as are the-porphyries 
connected with granite and the more antient primary 
strata. To remind the reader of the cause, is to con- 
firm the general theory. The strata traversed or in- 
vaded by the more aiiticnt porphyries and traps, are 
precisely those which owe their condition to heat, and 
which have therefore already undergone nearly all the 
effects of which they were susceptible. Yet, even in 
these cases, 1 have observed the indaration of the 
strata in contact, and the occasional entanglement of 
portions of the surronnding rock; as in a porphyry 
vein in Glen Fernat, thus including fragments of 
quartz. In the more recent traps, these several cir- 
cnmstances are common ; and they present indeed, 
some of t!ie most remarkable appearances which cha- 
racterize and distinguish these substances. Thus, 
ordinary sandstone becomes indurated into compact 
quartz, calcareous and argillaceous sandstones are 
converted into one species of chert, and argillaceous 
limestones into another, pure limestones become 
crystalline and large grained, with the disappearance 
of organic remains, while the shales are converted 
into siliceons schist. Some of the ordinary clays be- 
come red from the ultimate oxydation of their iron, 
'while others are converted into that jasper so often 
'confounded with pitchstone. l^hus is pyrites occa- 
sionally decomposed, and coal either charred or con- 
verted into plumbago: while these changes occur 
equally, if to different extents, whether the contact be 
I* that of masses or veins, and while, also, they are all 
such as would be expected from the action of heat ; 
roinciding therefore with the various phenomena 
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not now repeat. I have clse- 
'nor appearancps of an analo- 
'^rjuisition of a grannhir ur 
• shakes ; while I may 
metitncs undergo an 
spheroids are of 
. in the shales 
.:ile in rare case*, 
locally anangcd, yet 
I ((.iJent with the faces of a 
log, what is important in the 
I. the power of heat to produce it» 
iS 1 have indeed elsewhere proved hy 
'I riiiient. To these proofs of the action of 
in- superadded inEirks of viidencc, often ex- 
Momely conspicuous. If I formerly ohserved that 
fragments of the including strata were often entangled 
in the neighhouring and intersecting rock, they are 
often of enormous size, while they also hear the 
marks of further fractures, and of curvature, as in 
Sky ; some splendid examples having hcen figured in 
the account of the Western isles. That such effects 
are the result of violence, is proved by the different 
action exerted on yielding and on refractory nniterials; 
the one, as I have formerly remarked, being bent, 
while the other is broken. The same circumstances 
occur ill the A'cins ; the passage of which through 
soft or through hard, rocks, or in directions parallel 
or tranvcrsc to their natural divisions, are indicative 
of a force similarly exerted, but varying in its effects 
according to the opposed resistance. In both these 
cases, and in the veins more particularly, the dis- 
placed and insulated parts could often tic refitted if 
we could restore the flnidity of the trap : the rone- 
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spondences remaining perfect. Of this, a very beau- 
tiful example occurs in the valley of Coruisk, in Sky. 
If minute and numerous fragments of the including 
strata are often enclosed at the immediate contact, or 
in the walls of the vein, while also limited to these, 
the same circumstance occurs in the larger masses, 
but with variations attended by peculiar interest. In 
this case, the fragments arc often partially fused, and 
thus far converted into the substance of the invading 
rock ; the larger mass having effected that change to 
which the smaller was inadequate. The schistose 
rocks thus often present a further very instructive 
appearance ; the laminae being separated, and their 
intervals filled by air bubbles ; so that the thickness 
of the entangled portion is increased, exactly as it is 
by heating it in an ordinary fire. The plates of 
that work on the Western Isles contaiii many 
drawings illustrative of these, as of other facts de- 
scribed in the present book ; and I may here refer to 
what I cannot reprint, 

More minute details, however interesting, would 
extend this chapter to an unwieldy length. Yet I 
must remark, that although I have here preferred do- 
mestic examples, because I desire that every one may be 
able to examine my evidences, the same phenomena have 
at length been observed in other parts of Kurope, by 
' ' those who can now discover what they have been taught lo 
Bee and understand. The last appearance quoted, which 
80 few have chosen or have been able to see, even when 
placed before them, has been now confirmed at Plaucn 
in Saxony ; the shale of the red marl has been found 
converted into siliceous schist at Blaua Knppe in the 
same country, as the magnesia n limestone has into 
chert, in the Vicentin, and as others have been fomid 
crystallized into white marble in the Pyrenees. It idf 
satisfactory to find that there are persons who will be 
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taught, among the number who had determined that 
there was nothing more to learn ; and that the science 
is thus benefited, though it be only by the repetition 
of identical evidence. If, at times, these rocks ex- 
hibit no traces of a pecuhar configuration, breaking 
indifferently in any direction, and with faces of no 
character, this is more particularly true of the syenites 
and claystones ; thougli occurring, perhaps to an 
equal extent, in the porphyries, of whatever date. In 
other examples, they present an irregular and angular 
fracture, so as to leave acute projecting edges or 
points ; as seems more particularly true of angit rock, 
and of the analogous greenstones. Very rarely, they 
are disposed in curved or straight beds, subsequently 
divided into irregular prismatic masses ; as I have 
already observed of Hypersthene rock. This feature 
is not however peculiar to the more antient traps, as 
some have supposed ; since that of the Corstorphine 
hills, which lies above the coat series, can scarcely be 
distinguished from granite in this respect. The 
large laminar structure is also not uncommon ; oc- 
curring in the porphyries of all ages, as well as in the 
syenites and claystones. It is sometimes vertical and 
very distinct, at others, horizontal ; being then attri- 
buted to stratification, as the similar forms in granite 
have been, by those teachers of geology whom I am 
too often compelled to notice. I need not repeat the 
grounds of distinction ; and I have already shown 
where there is a remarkable affinity with gneiss, in 
the case of hypersthene rock. 

The vertical division into irregular and angular 
parts, is one of the most striking configurations of 
these rocks ; occurring in the most antient porphy- 
ries and claystones, as in Glenco, but most conspi- 
cuous in the traps that are associated with the aecon- 
dary strata, including basalt, augit rock, gteeusXi^ne^, 
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and claystonea. It is sometimes such as to present a* 
'imperfect prisniaiic appearance; whence it graduully 
[passes into the complete columnar structure, the inost^ 
remarkable of all tlic modes of configuration presented 
fby any rocks, which, though already generally de- 
scribed, requires some further detail here. The column* 
sometimes adhere so as to be inseparable by mechani- 
cal force ; though ultimately separated by the action 
of the weather. In these examples, they sometimes 
passj either end-wise, or laterally, into the amorphous 
or the prismatic rock ; while that portion only which 
constitutes the visible surface presents the columnar 
appearance. At others, the columnar portions form 
distinct beds, separated by intersection from the amor- 
phous partj both above and below ; while a columnar 
bed is even sometimes cut through at right angles by - 
a similar intersection ; the adaptations of the coIumnsi^H 
still continuing so perfect, that the direction of a single ^^ 
column remains unaffected. It Is equally remarkable, 
that where portions of the secondary strata arc entan- 
gled among cohiraiiar beds, as in Sky, that continuity 
of character is not affected, nor the regularity or forms 
of the columns changed, even at the points of contact. 
But these columns arc sometimes also perfect, and easily 
separated by sufficient mechanical force ; their forms, 
in this case, displaying different degrees of regularity. 
In a few instances, being geometrically straight and. 
true In all their parts, they present those beautiful ob- 
jects, too often and familiarly described to require no- 
tice here. Sometimes, the columnar parts, instead o 
being parallel and in one plane, are so situated that the 
termination of one is approximated to the middle of 
another; so that the extremities are compressed and 
extenuated, as if they had been forced together when 
in a soft state; the whole mass bearing a lively resem- 
blance to a peat stack. 
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The coluirins vary in the number of angles, from 
tiiree, even to eleven or twelve; the medium polygons, 
from five to seven being prevalent, while, in the higher 
ones, the angular forms almost vanish. In all 
cases, the sides arc in contact, or so little separated as 
barely to admit of the infiltration of earbouat of lime, 
if present; a striking point of difference, as fornierly 
observed, between them and the piisaiatic bodies 
which result from the cracking of dried clay. No 
case of a single polygon thus aggregated has yet been 
observed; the various forms occnrring together, and 
the adaptations being produced by the combination 
of many different prisms. Thccolnmns are sometimes 
continuous, at others jointed, ol)liinu'ly or at right 
angles: being also ocasionally cracked, withont the ap- 
pearance of regnlar joints. These, when they exist, vary 
much in frequency; being sometimes repeated within 
the space of a few inches, at others, only after many 
yards. At times they are mere divisions, the surfaces 
above and below remaining flat ; while, at others, they 
are irregularly undulated, and, more rarely, adapted 
l>y a mutual convexity and concavity ; the latter gene- 
Tally belonging to the lower surface. In a few rare 
instances, as in the Giants' Causeway, each angle of 
"the inferior joint is prolonged upwards into a denticle 
overlapping that of the superior one. Their sizes 
"vary exeeeditiglv, both with respect to length and dia- 
meter: the longest which I know, in Sky, reaching 
to aboat 400 feet, and the shortest, in Morven, not ex- 
ceeding an inch; while in diameter, those of Ailsa 
measure nine feet, and those of Morven, an inch, or 
less. Intermediate sizes are, of course, more prevalent. 

With respect to position, they are found placed in 
every manner, from the horizontal to the vertical angle, 
though attracting most attention in these latter cases, 
from tlieir resemblance to the cff(Mts of architecture 
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versely, or parallel to the axis of tlu* prism. If oftLn 
obscure, and limited to small portions of an amorphous 
mass, it sometimes occupies a considerable space, and 
is so distinct, that the dark-blue claystones, thus con- 
stituted, might almost be mistaken for clay-slate ; 
though, as 1 formerly reniarketl, it is seldom percep- 
tible but on the surfaces under the influence of the 
weather. It offers another point of resemblance be- 
tween these rocks and lava, which is also occasionally 
foliated. This structure is found in basalt, in green- 
stone, in claystone, in syenite, in porjjhyry, and in 
hypersthene rock; and is therefore not peculiar to 
any individual, much less to porphyry ; for which 
reason I have suppressed the term Porphyry slate, 
contrived by those who did not know a stratified from 
an unstratified rock, and tending to inflict tlieir own 
ignorance on others. Those indications of an internal 
structure, discovered only on decomposition, where 
the weathered surfaces present a contorted, a splcular, 
a cavernous, a venous, a scoritbrm, or a botryoidal 
aspect, have been sufficiently noticed in the thirteenth 
Chapter. 

With respect to decomposition, the veins are often 
more yielding than the surrounding strata, and thus 
become a frequent cause of caverns and of extended 
fissures : while, in other cases, being more permanent, 
they remain like walls, standing above the surface. 
Of this, and of the deep-seated decomposition both of 
the masses and veins, I have already bad occasion to 
speak at some length. From this decomposition there 
result many varieties of soil, generally distinguished, 
like the volcanic ones, by their fertility. The best, 
however, appear to be the produce of the more recent 
and dark varieties ; and of those, more particularly, 
which contain conspicuous (juantitiea of cak-areoii& 
earth As some of them also have We.\\ fovaxCt Vo 
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contain carbonaceous matter, this ingredient njay also 
assist in confening fertility on the resulting soil. ^M 
To enumerate the geographical situations of th^^ 
rocks of this division, would he an endless task, as 
they occur in all parts of the world. In our own 
islands, the western parts of Ireland, with the corre- 
sponding eastern ones of Scotland, offer one conspi- 
cuous, though scattered position for the recent traps, 
extending (|uite across the latter country. And if 
under much waste, and consequent separation, this 
trap, or these traps, bear a singular coincidence with 
the secondary strata, avoiding the primary, I an) not 
so satisfied with any expUmation that I might now 
suggest, as to trouble tlie reader with it. Of the older 
porphyries, Glenco and its vicinity, with a district 
near Inverary, offer the most extensive examples ; since 
I feel very much at n loss respecting the age of those 
so abundant in the south of Scotland and in Northum- 
berland. On the continent of Europe, I may enume- 
rate the traps of the Rhine, and the porphyries of 
Sweden, of the south of France, of Saxony, Bohemia, 
and Hungary, and those of Italy in the north. They 
occur also between the Nile and the Red Sea, possess- 
ing historical celebrity, and in the Ural and Altai 
wountaiiis. In the Andes, tliey are extremely conspi- 
cuous, from their continuous superiority of position ; 
but a work which I have laboured to the utmost con- 
densation, perhaps not very judiciously, cannot find 
room for details so extensive .is the geography of rocks 
demands. Some varieties of this family, in different 
countries, contain luetalliferous veins ; but they have 
occurred chiefly in the older porphyries, including 
copper, tin, lead, and silver, principally, with, occa- 
sionally, ujangjuiesc and gold. 
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CHAP. XXVI. 

G7teiss. Compact Felspar. 

Gneiss is one of the most extensive rocks in nature, 
and if not always the lowest of the stratified ones, as 
generally esteemed, it most frequently occupies that 
position. It presents considenihle difterences in its 
geological features and connexions ; as well as a re- 
markable diversity of composition and strnctnre. Under 
the common definition, it is limited to a foliated mix- 
ture of mica, qnartz, and felspar; bnt this does not in- 
clude all the substances which appertain to this family; 
whether connected together bv a common geological 
bond, or passing into eacli other [)y variations of com- 
position. Four divisions will include all its varieties ; 
the essential minerals being chiefly those which form 
granite : and these demand a notice seldom required, 
in this work, respecting other rocks, from the connex- 
ion of the two leading varieties at least with its geolo- 
gical history. 

The granitic division is distinguished by a large 
grain and imperfectly foliated texture, and by partial 
transitions into granite, from which, in detached spe- 
cimens, it is often undistinguishable. It assumes this 
structure most perfectly when in contact with that rock; 
and this variety is therefore most common in the lowest 
positions. The schistose division alternates with and 
graduates into micaceous schist and into qnartz rock; 
often in such a manner, that in describing a given dis- 
trict, we are at a loss what term to apply to the whole. 
It is small grained, with a granular texture when con- 
nected with quartz rock, and with a hmiinur one when 
with micaceous schist, and as t!ie felspar is often al- 
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most niidistinguishahlc from the qnartz, except by its 
ifecoiiiposition on the weathered surfaces; this variety 
is f'ri'([iieiit!y contbuiuled with one or other of the rocks 
above mentioned. The laminar division is more rare, 
and of httle geological interest; being distinguished 
hytlie hiniinar alternating disposition oFits ingredients; 
and the specimens often exhibiting singuhir combina- 
tions of colour. The last division is characterized by 
the presence of compact felspar. 1 need here only add, 
that the topaz rock of the Germans is merely an acci- 
dental inoditication of this rock; as the weissstein ap- 
pears also to he, unless this be, sometimes, a granite. 

The stratiiication of gneiss is unquestionable, how- 
ever difficult it may sometimes be to detei-mine its order, 
or even to perceive its existence. In Scotland, wlierc 
this rock abounds, the prevailing direction of the pri- 
mary strata is between the N. E. and the N. N. E.; 
and, while it conforms to this when obviouSj there are 
indications in the bearings of the coast, the positions 
of the hills, or the comparison of parts on a greater 
scale, which prove, that even where most obscure, it 
follows the same leading line. It is oftenj in fact, by 
this prevailing conformity alone, that the stratiBed dis- 
position of gneiss is perceptible ; since, its irregularity 
is often snch, and the indication of beds so obscure, 
that it is as easily confounded with granite by its dis- 
position as its mineral character. It will shortly be 
seen, that its characters as to regularity, are connected 
with its peculiarities of structure; one of the leading 
mineral divisions being irregular, while the other equals 
in this respect the accompanying strata. It is super- 
fluous to say that every possible variety of dip occurs 
in this, as in all the other primary strata. 

The beds of gneiss are often straight, or even ; or, 
at least, affected by no further irregularities than that 
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undulntirig deviation, both from the line of direction 
undtlie angle of the dip, which exists in all tbf primary 
strata. But this reguhirity prevails chirfly in the 
schistose variety; while the granitic one is distinguished 
by the frequency and extent of its flexures and contor- 
tions, generating that irregularity, just noticed, which 
is so characteristic of this variety and so exjdanatory of 
the theory of gneiss. These are often such, that it is 
impossible to assign either the dip or direction of the 
strata; while often producing the appearance of two 
sets with opposite dips, when tlic one is only a portion 
of the other, incurvated, or doubled on itself. In other 
cases, they are diposed in a lengthened undulating 
manner, either horizontally or vertically, or in larger 
curves resembling the waves of a sea, sometimes again 
interrupted by straight portions. The clifts of the Long 
Island present natural sections of all these forms, de- 
tailed as in a drawing ; with abundant other examples 
of contortions so intricate and capricious, that the ima- 
gination can scarcely exceed them. 

Gneiss is so frer|ucntly traversed by veins of granite, 
that they may almost he esteemed characteristic of one 
of its varieties^ while they occur in the other less con- 
spicuously, and, in some of its connexions, only as they 
do in the primary strata in general. They are of all 
sizes, from the thickness of many hundred feet to that 
of less than an inch ; being either simple, or ramifying, 
even to extreme minuteness, and inteiectingeach other 
in all modes; as they also traverse the rock in trans- 
verse directions or in that of the laminie; while, as might 
be expected, this last appearance prevails in the schis- 
tose variety. As I jnst hinted, these veins are most 
abundant in the granitic kind; while, being more rare 
in the schistose, they generally disappear altogether as 
its texture approaches to that of micaceous schist. 
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Tlius also the f|uai!tity and intricacy of the contortiuni 
in any mass, arc; almost always proportifjiial to the pre- 
vulcncc of the veins; while, when absent, the rock is 
never more dislurhed than niiraceous schist, which is 
Imt occasionally subject to this irregularity. Hence the 
contortions are nearly limited to the granitic variety, 
since it is in this that the veins abound. 

In some cases, the j:^ranite veins are so abundant as 
nearly to exclude the original rock, so that the mass 
presents little else than a congeries of A'eins. Of the 
instances of this nature described in the acconnt <»f the 
Western Islew, the most striking in that of Cape Rath. 
Here, the liornblende schist and gneiss arc broken into 
pieces and entangled among the veins, as the secondary ■ 
strata arc in the trap of Sky, but with infinitely greater 
intricacy, sn a** to resemble a red and white veined 
niarbli: with imbedded fragments of black. These do 
not seem to form a twentieth part of the whole mass; 
the progress of the different veins, and their effects in 
pro<lucing the disturbance, l)cing as distinct as in an 
(firditiiiry hand specimen : while it is most important 
in geological pliilosophy to remark, that the intricacy 
of the rattiiKcations, and the intersection of one set of 
vcinn by n second and a third, of different textures, 
prove a succession of granitic erujttions at several pe- 
rinds; and that the absolute resemblance of the whole 
to \hv parallel cases of trap veins successively intruding 
dtiioiit;' Htratn, can leave no question in the mind of any 
nuuJ capable of seeing and reasoning, that there is but 
oiu> theory f«)r granite and for trap. He who declares 
\\\n diMibiN, in such a case, is the suicidal betrayer of his 
<nvn enlihri-* of mind. The appearances aw, in fact not 
Hiendv Hiniilur or analogous, but identical. 

Tlu' ItiHt rirsninstance of importance as to these 
Vi^lnn \^, that tliev do not exist where gneiss alternate* 
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with extensive strata of ehiy-slate, quartz rock, or mi- 
caceous schist ; and tin's leads nie to enquire into the 
philosophy of the appearances in question. They 
who have called these veins contemporaneous, are 
of those who write phrases without ideas ; and they 
who have supposed them independent of granitic con- 
nected masses, have wanted industry or capacity to 
examine them. I have traced these veins to their 
parent masses wherever a mass existed ; and where 
they cannot thus he followed, it is because the funda- 
mental granite is out of sight and reach. If the uni- 
versal inference is not safe, it may be asked what and 
whence is a granite vein. Let me also remark, that 
in numerous parts of Scotland, where the leading 
masses of gneiss arc schistose, evenly stratified, and 
scarcely ever traversed by granite veins, they become 
contorted and irregular as they approach the granite ; 
assuming also the granitic character, and becoming 
intersected by veins, numerous in proportion to the 
vicinity of the mass. The conclusion is almost too 
ol)vious to require being stated ; and it implies the 
most essential part of the theory of gneiss. The 
flnid granite has invaded the aqueous stratum as far 
as its influence could reach, and, thus far, has filled it 
with veins, disturbed its regularity, and generated in 
ita new mineral character, often absolutely confounded 
with its own. And if the more remote beds, and 
those alternating with other rocks, are not thus affect- 
ed, it is not only that it has acted loss on those, but 
that if it had equally afl^ected them, they never could 
have e.visted, or wonld have been all granitic and 
venous gneiss. Thus arc its varieties of character, 
oven to its absolute transition into granite, explained. 
Though the general facts have formerly been stated, 
it is necessary to mention, as part of the histov^ o^ 
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this rock, that the appearances of these veins indicate 
their forcible intrusion into the gneiss, and that it has 
yielded to them under a softened state. This is 
proved by the connexion between the contortions and 
the veins, by the intrusion of parallel veins among the 
laminae, and by the curvature of these, in a direction 
corresponding to the motion of the fluid, which has 
often also insinuated itself just within the displaced 
edge and no further: the whole marking plainly the 
forcible fracture of the rock and a simultaneous intru- 
sion of the substance filling the fissure. One fact 
alone, like this, is demonstrative ; because allhongh 
many vcius might possibly be formed in some other 
imaginary manner, such a one as this could not be 
the consequence of any other action. The case of 
parallel veins is explained by the preferable facility 
with which the schistose "variety yielded in the direc- 
tion of its laminae; while the condition of the granitic 
kind excluded all such tendency. If it is yet neces- 
sary to produce facts in proof of this intrusion, the 
same granite veins which traverse a gneiss, in Tirev, 
traverse an included limestone also ; both of them 
being contorted and displaced, and the chemical com- 
position of the latter materially altered. It is evident 
that both rocks existed before the passage of the 
veins ; h bile, although the resemblance of gneiss and 
granite might console those who consider the veins of 
the latter as modifications of the former, the same 
cannot hold good respecting limestone. A similar 
occurrence in serpentine, in Scalpa, is merely a repe- 
tition of the same argument ; and I need not now 
enumerate the endless examples of mechanical dispo- 
sition which prove the same inference. 

In proceeding to enquire respecting the strata with 
which gneiss alternates, there is a difficulty, arising 
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chiefly from the use of this term as indicating a geo- 
logical series, and as the iiierc name of a rock. If it 
he used to ejcpress the latter alone, gneiss alternates 
with many other strata, sonietinica much inferior in 
tjuantity, to which the arhitrary and abused term 
subordinate, has then been appKed ; yet ecjually alter- 
nating with the same rocks, and on an extensive 
scale, in such a manner, that so fiir from including 
them it is itself inferior in quantity, and might, with 
equal reason, be considered subordinate. But all this 
(lithculty, like most of the other vexations of Geology, 
are the produce of systems, thcmselve-s the produce 
of Qriginal ignorance, promulgated and enforced 
by equivalent minds, so as to enslave other similar 
ones ; as has happened in every science, from logic 
and metaphysics to mechanical science and medicine. 
It is the liypothesis of the formations in the secon- 
dary strata, in ancrther form ; meaning nothing when 
it cannot prove some fact in the history of the Earth, 
yet not simply foolish and innocent when it becomes 
a substitute for true description, because conferring 
the xnischievous uuthoritv of a philosopher on a mere 
plirascologist. There is but one reasonable and phi- 
losophical view in the present case. If there are al- 
ternating beds of other rocks which have undergone 
common changes of flexure and contortion with 
gneiss, that whole series was completed before this 
Hubsecjucnt influence and change ; where this does 
not occur, the deposits may have been of different and 
distant dates, especially where large masses of other 
strata intervene; though the limited influence of the 
granite may render even this doubtfnl. In any case, 
the term subordinate is as idle as all the other Ger- 
manic philosophy which continues to obstruct the 
progress of this science, 
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The most cornmon substanrp in the serioa of con- 
torted gneiss, is hornblende schist, which even seems 
essential to the granitic varieties containing horn- 
hlendf , since ii is never absent ; while if it also occurs j 
in others, it is rarely or ever in the same ahnndance|H 
OccasioiHilly indeed, the hornblende schist so far ex- 
ceerls the gneiss in (jnantity, that this latter might be 
held the subordinate rock. Analogous to this is acti- 
iiolitc schist, differing from it only in the slight dis- 
tinction which exists between the two minerals, but, 
comparatively, of very rare occurrence. In a similar 
manner, there arc found beds of micaceous schist ; 
though it is sometimes di/ficult to distinguish the ' 
schistose gneiss from this rock. The distinction is 
obvious when it occurs among the granitic varieties ; i 
though this is rather a rare incident. If chlorite schist ' 
also occurs in the same manner, the analogy of thes^i 
rocks is such that I need not dwell on it. Limestoii^B 
is sometimes also found included in the gneiss series^^ 
in limited flat beds, and in large irregular concretions, 
or immense nodules. Beds of quartz are ct|nally rare ; 
being sometimes simple, at others, interspersed with 
irregular crystals of felspar ; while often so circum- 
stanced that it is difficult to determine whether they 
are beds or veins. A granitic compound, witliout any 
marks of foliation, resembling some of the syenites of 
the trap family, and consisting of an uniform mix- 
ture of f|tiartz and felspar interspersed with acicular 
crystals of hornblende, also occurs in Sky and in other 
places, yet rarely. If il is probable that many oth( 
peculiar occasional compounds occur in the same sit 
ations, as yet unnoticed, I shall point out hut oi 
more, from having perceived that they arc sources 
difficulty to students, or else induce them to suppo^ 
that they had discovered a new rock in the gencrf 
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system, as thii CJermaiis hiive thus intruded their 
.z rock and their weissstein into it. This is a com- 
pound of hornblende and gurnet ; the structure beiuj^ 
small spheroidal, and the whole analysis extremely 
difficult. It occurs in Guernsey and Siirk. 

1 must lastly notice the gratitte which occurs in an 
apparently regular stratification with gneiss, and which 
has aided in giving rise to the opinion that granite 
was a stratified rock. It is sufficiently easy to dis- 
tinguish these beds from conformable veins ; and they 
are then true portions of the gneiss, as much stratified 
as the rock in which they are contained. They occur 
only in the granitic varieties, and pass by gradation 
uito the surrounding foliated rock. As far as I have 
observed, they rarely exceed a few feet in thickness, 
oftcu riot many inches ; (nit may probably be found 
of much greater dimensions. Even then, they would 
not prove the stratification rtf granite, which possesses 
characters not to be mistaken; while, on considering 
the near approach to a purely granitic stratum which 
gneiss so often undergoes, it can excite no surprise to 
find the foliated disposition occasionally disappear. 

The association of gneiss with other independent 
rocks, in the order of precedence or succession, forms 
:that part of its geological history which, from the pre- 
valence of an erroneous theory, is most in need of illus- 
tration. It has been said to follow necessarily in order 
'after granite; but it will be seen that it succeeds al- 
most every one of the primary rocks, and may conse- 
i|oently be followed by any one of the scries, and even 
by the secondary strata. If, in many parts of Scotland, 
it does occur in this manner, it is not, in those places, 
the sole rock which immediately follows that one ; so 
that the correlative rule, which would exclude every 
L other stratum from that position, is false, as has been 
■ shown in the last chapter. Its alternations with mi- 
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caceous schist and with quartz rock, are ecjuiilly abun- 
dant and obvious in Scotlaud, especially where it is 
about to be finally succeeded by either of those; and 
they are the source of g^reat difficulty in attempting to 
note the respective boundaries in a geological map. 
It is not that a few beds alone occur before the final 
termination of the gneiss; since the alternations ex- 
tend over considerable tracts of country, in Sutherland, 
and in Perthshire. In these cases, it is the schistose 
variety which is present; nhile there is not only an: 
alternation, but a transition from the one rock to 
tlie other two, as is easily understood from the simi- 
larity of their mineral composition. Nor is there any 
reason in the general theory of the composition of rocks, 
as formerly laid down, why these alternations should 
not happen. It is thus easy to see how geologists may- 
give different reports on a country of this nature, even 
when unbiassed by hj^iotheses. They who may see 
chiefly the beds of gneiss, will consider the other rock* 
as subordinate, and describe the country as a tract of 
that substance; while the reverse will happen where 
the principal attention has been given to the associated 
rocks. Yet the one has no further title to be considered 
as the principal formation than the others ; and it will 
be always the safest practice to descrihe the simple facts, 
rather than to incur the hazard of errors by general 
statements. Under great minuteness and frequency 
of tlu; alternations, it is in vmn to be anxious about 
distinctions where Nature has made none; and wc 
must be contented to admit on the large scale, whatwe so 
often find on the small one. That which ought to be, ia^ 
the eternal obstacle to the discovery of that which is.. 
In numerous parts of Scotland, the gneiss is imnu 
diately succeeded by argillaceous schist, exhibiting thu 
usual intermixture of fine and coarse strata. In loit'dj 
the schist is iiilerpoacd between the granite and th« 
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gaeiss, and, in Lla, it alternates with the gneiss, or 
forms beds, in a series or mass, in which itself is the pre- 
^minant rock. In manj parts of Perthshire, the gneiss 
often alternates with beds of limestone, too considerable 
to be reckoned subordinate to it; since, in some of the 
examples, they extend for twenty miles, with scarcely 
an interruption, 1 have elsewhere shown that it alter- 
nates also with the primary red sandstone. If gneiss 
thns succeeds to every primary stratum, so, in Suther- 
land and Shetland, it is immediately followed by the old 
red sandstone, and, in Morven, by the lias and subse- 
qnent strata containing coal, forming the brief geolo- 
gical series formerly quoted. I may lastly remark, 
that the gradation of gneiss into chlorite schist, and ul- 
timately into the red sandstone, in Sky, is not less in- 
teresting than those into quartz rock and micaceous 
schist J and that its whole history, as now given, may 
serre to prove under how little knowledge geologists 
have hitherto been establishing canons for the order 
and relations of the primary strata. 

From former general enquiries, and from the present 
history, the theory of gneitis ought now to be apparent. 
Nature, onr guide where direct experiments fail, 
teaches us, that, from the most recent bed of sand or 
clay, through the whole scries downwards, there is no 
chasm among the stratified rocks to mark where a me- 
chanical deposit ends, and one of a mixed character 
begins ; as, from this to the most perfect crystalline 
■ stratum, there is an equal absence of all decisive marks 
■of the cessation of one process and the exclusive reiga 
~ of another. We also find that approximate beds often 
exhibit a disposition purely chemical, alternating with 
one partly or purely mechanical ; and that, even in 
the same rock, a given bed will present an instance c^ 
both characters in. association. Hence, the mineral 
composition of gneiss presents no argument against it» 
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original deposition from water; a supposition con- 
firmed by its coriiinon prolonged and parallel direction 
with the other strata. It has not yet indeed presented 
any decided marks of that mechanical arrangement 
which so oft«n occurs in other stratified rocks; since 1 
must explain the parallelism of the mica, which haa 
been supposed a proof of such arrangement, in a very 
different way. In hypersthene rock, an uustratified 
member of the trap family, the crystals of that mineral 
often occur in a similar laminar manner, so as to com- 
municate a fissile tendency to it. And in Rerrera, mica 
itself is thus found, not only in a mass of trap, but in 
a vein of the same substance, with the same parallelism 
to the sides of the vein as it has to the plane of the 
stratum in micaceous schist; while a similar disposi- 
tion of mica and pinite both, is common in veins of por- 
phyry. This cannot have resulted from mechanical 
subsidence; it must be considered as the result of that 
common polarity by which the distinct crystals in a 
common mass are so often regulated. And it has al- 
ready appeared, that as granite is the produce of fu- 
sion, the same law may be extended to the granitic 
gneiss ; while the form of stratification has been pre- 
served under those circumstances, as in the stratified 
traps, and in the siliceous schists by which they are oc- 
casionally accompanied. Diminishing influences of 
heat will account for the several other varieties of this 
rock, as they do for the different primary strata : while 
it is almost a repetition to suggest why such actions 
should have induced the chemical changes found in 
some of the most distinctly stratified varieties, why 
greater chemical changes should be accompanied by 
a more obscure stratification, ending tn the fitial pas- 
sage to granite, why the proximity of this rock is so 
generally accompanied by gradations between the 
twOf and why, wherever granite veins abound, the in- 
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Vudeil gneiss is not only disturbed, hut iissUttie these 
character of the accompanying granite. If exceptions 
occur, they dcpcurl, Hke all others, on collateral ctr- 
ciiinstances generally easy of explanation, but rctjiiiriiig 
a particnlar one for each case. I need only further 
repeat, that the alternations of gneiss and hornblende 
schist present a very exact analogy to those of sand- 
stone and shale ; while HS the hitter are converted into 
hornblende schist and basalt by the action of heat, it 
is easy to see how the whole compound series of gneiss 
should be connected with the same cause. 

Hitherto, I know not that any decided fragments 
have been found in gneiss; although the occasional 
occurrence of nodules of hornblende and quartz, round 
which the lamina^ of the gneiss are incnvvated, may 
perhaps be supposed to bespeak a mechanical origin 
for these. In Scotland, beds of a fractured and conglo- 
merated gneiss are sometimes found adhering to the sur- 
face of the ordinary rock ; a circumstance which has 
been considered remarkable by Von Buch and other ge- 
ologists; without reason, since it is a fact of no pecu- 
liar interest. It is evidently the lowest portion of the 
red sandstone series; as noted under that head. 

The great features of gneiss, as they affect the pc- 
cnliar form and outline of a country, offer almost 
every possible variety. In the Uists, Tirey, and Ben- 
becula, and far more conspicuously in Sweden, it often 
presents a dead level extending over a surface of many 
square miles; in some places, without a single pro- 
tuberance from which the subjacent rock could be 
conjectured; while in the same islands, and elsewhere, 
tlie surface becomes slightly undulated, with naked 
protuberant masses, which, increasing in numbers, 
confer a verv singular character on Bona and Coll, 
and on some parts of Sutherland. In these \places, 
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thousands of irregular and naked rocky eminences, of 
various elpvations, cover the surface; separated ioileed 
by intervals of ijerbagc, and by stagnant pools, yet so 
that a distant prospect presents the appearance of one 
continued pavement of solid stone. Where the ele<^ 
vation of tho ground increases, the prevaih'ng features 
of the country resemble the granite ridge of Dartmoor 
and Cornwall; the hills, further, gradually assuming a 
mountainous character, while the outline still con- 
tinues tame and rounded, with few projecting rocks or 
precipitous fiices. At length, without any material in- 
crease of elevation, the mountains of gneiss start up 
into craggy aud abrupt summits, as in Sutherland, in 
Inverncssshire, and elsewhere: the district of Rnoydart 
f'orniing one of the wildest tracts in all Scotland, and 
combining more varied forms of grandeur than any 
part of the western: coast. 

The relative cifects of the two leading divisioi 
of gneiss on the soil and produce of the country, 
is also worthy of notice. Where the schistose 
variety prevails, the character of the soil is equal 
or superior to that which is the produce of micaceous^| 
schist. Where the granitic variety occurs, it generally 
resists the ordinary disintegrating powers; whence 
that peculiar nakedness of the surface already men- 
tioned. Considering the close resemblance between 
this rock and granite, the reasons are not obvious ;IH 
further than as it may depend on the absence of fis- ~ 
sores, denying access to water, and to consequent 
frost. Hence also arises that absence of soil so 
remarkable in uiost of the Scottish gneiss islands, 
though no general rule can be derived from this fact: 
as, in many other countries, even the granitic gneiss 
decomposes as readily as some granites, forming 
a deep and rich soil ; aa in Guernsey, and also in , 
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Abenlccnshin*, reuiurkable for the dostrnction of all 
its rocks, and for the great consequent depth of its 
nntransported alluvia. Though the indestructibility 
of the granitic varieties of gneiss points it out as ad- 
apted to the purposes of architecture, theditHculty of 
shaping it almost precludes its application to building. 
But, in the micaceous varieties, this objection does 
BOthold; while considerable labour is saved by the 
possession of, at least, two natural parallel surfaces. 
When fissile, it thus also becomes fit for roofing*; par- 
ticularly in those mountainous districts where slates 
of ordinary weight are unable to preserve their places. 
In Scotland, it contains metallic veins, producing 
lead and copper, and, rarely, plumbago : as it 
includes tin, on the continent of Europe ; where it 
appears to abound more in metal lifrro us veins than in 
this country. It tliere also proiluces copper, silver, 
antimony, zinc, wolfram, lead, molybdcna, and gold; 
but the last two substances, in particular, arc rare. 



Compact Felspar. 

That Gompact felspar which occurs among the poi- 
phyritic and trap rocks, forming the basis of porphyries, 
in well known: to geologists. Bnt I cannot discover 
that a similar, if not the same mineral, has been ob- 
served as a member of the primary strata, unconnected 
with any masses of porphyry, or of the other intruding 
rocks. It is therefore a new rock in the system, in 
addition to all the others which I have introduced ; 
while the reasons for associating it in the sa«ic 
chapter with gneiss, will be apparent. 

The term compact felspar is here therefore under- 
stood to mean a stratified rock, if not always very re- 
gularly so, forming a member of the pvimav^' ^UaVa, 
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au(l consisting, chiefly, of that mineral, sufficiently 
known by mineralogical dcsciiptions. If most fre- 
cjuciitly simple, it sometimes also contains interspersed 
particles of qmirtz and hornblende ; and, by the increase 
of these, it passes into some of the varieties of gneiss. 

In some places it seems scarcely stratified ; formings 
rather, irreirnlar nodidcs like those of limestone and ser- 
pentine ; and no further therefore a source of trouble or 
doubt. As lona offers a convenient example of this 
form, I may refer to that island for such further informa- 
tion as cannot easily be given in words, as welt as for 
the evidence of the fact itself. In the Long Island and 
Rossshire, it is stratified, at least as distinctly as thc^ 
gneiss which it accompanies i and it may thus also b^H 
,scen and studied iu the neighbourhood of Pol Ewe^ 
and Loch Greiuord, and on the shores of Loch Maree. 

With some very trifling exceptions, in which it is 
particularly connected with granite, it seems exclu- 
sively to be associated with gneiss, whether as an im- 
bedded mass, or an alternating stratum. Such gneiss 
i:j remarkable for containing compact felspar as an in- 
gredient ; and the two rocks pass into each other by 
a mutual gradation ; the one acquiring, or the other 
losing, those ingredients on which the distinction dt:- 
pcnds. It must still be added to its geological cha- 
racters, that it is found also in the form of veins iu the 
same situations, frequently ramifying into filaments of 
extreme tenuity. On decomposition, this rock formi 
a very fine porcelain clay ; and may thns become a 
object of research when better known. 

If it shall appear to Geologists tliat a new rock has 
been unwarrantably added to the System, some other 
mode nmst be discovered of classing a substance which 
cannot be considered a mere mineral, and whicli 
refuses to associate with anv otiier rock. 
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CHAR XXVII. 

Micaceous Schist. Chlurite Schist. Talcose Schist. 



Though I have placed Micaceous schist next to gneiss, 
in conformity to the general opinions respecting its 
order in nature, it has already appeared, and will soon 
be still more evident, that this order is not constant. 
If a de6nition of so familiar a rock is nearly super- 
fluous, it is needful to say, that it ranges between mica 
and quartz, so that as the examples on one side consist 
of little else than condensed nuca, the others pass into 
quartz rock hy an imperceptible gradation; as is com- 
mon especially at the mutual boundaries of these two 
deposits. The varieties must be sought in the Clas- 
sification of Rocks; yet I must note here, as essential 
to its theory, that it occasionally contains fragments, 
or portions of a conglomerate. 

In this island, micaceous schist is limited to moun- 
tainons districts; the features which it confers on the 
country being various, and often picturescpic. In 
some tracts, the hills are tame and undulating, like 
those of argillaceous schist; ranging from oOOto 1000 
feet in height, and rarely broken bv projecting rock,s, 
whence they gvadnally rise to upwards of 4000 as in 
Ben Lawers; acrpiring more striking characters, and 
displaying abrupt precipices, with summits occasion- 
ally serrated, and partially covered with vegetation. 
As this rork often presents considerable fissures, and, 
while mouldering more readily than gneiss, is favour- 
able to vegetalion, the lower cliffs and precipices arc 
often covered with trees, producing a variety of pic- 
turescpic scenery well known in the vicinity of Loch 
Catcran. In Scotland, as elsewherr, it occn])ics cx- 
l«?ihive tracts, unmixed with any other rock, but oc- 
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curs also in very limited beds, alternating with ottu 
strata, as a portion of some (rompHciitcd series; whileJ 
ftirther, it occiislonally intrudes as an incidental sub 
stance, where the predominant series belongs to an^ 
other family. 

It is found in contact with granite in Arran ; form- 
ing a mass of considerable dimensions, and, allo\vin| 
for its insular position, connected with the most ex4 
tensive range of the same rock in Scotland. The 
granite which ranges from Appin to Runnoch, is also 
often covered, on its southern boundary, by micaceous 
schist, occasionally intermixed with quartz rock and 
argillaceous schist ; this contact being the northern 
margin of that great tract, the southeru hmitof which 
reaches to the shores of the Clyde. Extensive ex- 
amples of the same junction occur also in Perthshire, 
in Sutherland, in Aberdeenshire, and in Shetland. It 
is interesting to remark, that where thus in contact 
with granite, it often assumes the character of gneiss 
for a small space, by acquiring felspar ; bnt this 
change is always limited to a short distance from the 
contact, or to the portions traversed by the granitic 
veins. The fragments entangled in the granite are 
also often converted into the same substance ; under 
an obvious analogy to the change from argillaceous 
to micaceous and hornblende schists in the same 
circumstances. ^ 

As already remarked, micaceous schist succeeds to^ 
j:nciss throngh a very considerable part of Scotland ; j 
^alternating witli it by such frequent interchanges, f 
.that the hmits cannot bo accurately defined, and 
fiorming also occasional beds within it. I have also 
-«hoAvn that it does not ueccssarily follow this rock: 
which is succeeded, in at least an equal degree, by 
niuny others of the primary strata. As it is intimately 
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connected with quartz rock, by its ingrrdients and by 
its structure, so it is often united to it in geolog-iral 
position ; either preceding or following, as far ast,uc- 
cession or precedence can be determined respecting^ 
those primary strata which, occupying high positions, 
are soraetimes reversed on different sides of the per- 
pendicular. It also alternates with that rock iu etjual 
and smaller beds, so that a given tract or mass cannot 
be preferably referred to either ; while, further, it 
forms occasional beds in the larger masses, or else 
graduates into it iu an injpercep(il)le manner. As 
might be expected, it alternates with the primary 
limestones, since these occur in every situation among 
the primary strata. I know not that extensive masses 
of this rock have yet been fonnd succeeding to etjiially 
extensive ones of the argillaceous schists, and in con- 
tact ; but, in Isla, considerable bodies of the hitter are 
found beneath the micaceous schist, though separated 
from it by intervening beds of tjuartz rock. Lastly, 
OB a deposit independent of other rocks, or only par- 
tially intermingled with theni, it is intimately asso- 
ciated with chlorite schist, and occasionally with 
talcose schist, as will immediately appear. 

Besides these connexions on the great scale, it is 
associated with nuuiy different sobstances, in smaller 
(juantity and in frequent alternations. In the chain 
of Isla, it thus alternates, in repeated beds, with quartz 
rock, clay-slate, and graywacke of various characters ; 
these alternations being extremely numerous, and the 
space occupied by the micaceous schist often very 
minute, as again noticed under Argillaceous schist ; 
and it will be seen, under Chlorite schist, that it thus 
also enters into another series of which that rock 
and hornlilende scbiiit form the most remarkable por- 
tions. From this history of its alternations, may be 
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deduced its relations to tlu' primary strata: hut 
iiuist also add, that it is often iimnediatcly succeedrdJ 
by the secondary, us in Canlyre. 

Micaceous schist, like all the primary strata, is dis- 
posed iu beds ; often, however, rendered obscure by 
their great thickness, by the want of distinct seams 
of division, and by the irrejiularities and contortions 
to which this rock is subject. When it enters in 
small quantity among other rocks, the beds are, how- 
ever, always very di-stinct ; and, in the Chlorite series, 
extremely regular and even. Its interior structure is 
various ; sometimes consisting of straight laminrp, 
rigidly parallel, and in one plane; while at others, tlic 
general parallelism of the laminae is maintained, but 
their thickness varies, so as to aflect this appearance 
of regularity. In other cases again, these are minutely, 
or even largely undulated, still preserving the disposi 
tion in a plane ; until, by at length increasing in siz 
they also lose that general conformity to an imaginary 
plane, finally assuming the most capricious contor- 
tions; no longer bending round any given straight 
line or set of parallel lines, but presenting curvatures 
in every possible direction. From the frequent diffi- 
culty of discovering the true position and liinits'of the 
bed, it is tluis sometimes impossible to know whether 
these curvatures involve the whole stratum, or whether 
tbey afl'ectthe interior structure only. The lesser un- 
dulations and curvatures, are, evidently, often indepen- 
dent of any corresponding change in the evenness of 
the bed ; and the same probably often holds trne of 
the more complicated, since they do not seem to per- 
vade the whole mass, but ratlier to occupy particular 
spots among the neighbouring and le.ss disturbed la- 
mina\ In some of these cases, it is very ditirtcnlt to 
trace the stratified disposition; and such a state of 
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tilings will often be fonnd to prpvail over considerable 
tracts of country ; whilr, in tlie immeiliatc vicinity, 
the beds arc in their natural ty straight order. These 
curvatiire.s, or contortions, must often exist where 
they cannot be seen ; because the same set of beds, 
traced on their prelongcd edges, frequently present 
reversed dips at tlie two extremities ; as happens on 
a very large scale in Cantyre, I may lastly rcnmrk, 
that although granite veins traverse this rock in com- 
mon with others, they do not abound in it as in 
pneiss, for reasons which must now lie apparent. The 
veins of quartz, so counnon, often follow the flexures 
of the rock itself, proving that they have been capable 
of flexure, themselves ; while it is difficult to decide 
whether they have been, in all cases, the produce of 
ar|neous infiltration. 

I have found considerable difficulty in satisfying my- 
self respecting the cause of the laminar disposition in 
this rock. In many cases, and particularly in the mi- 
nute alternating strata, there is unquestionable evi- 
dence that it is parallel to the plane of the bed, with 
certain minute exceptions, arising from the undula- 
tions of the laminae, equally occurring in argillaceous 
Schist, and even in secondary sandstone. In these, 
the schistose structure, or the laminar tendency, bears 
no necessary relation to the plane of the bed ; and the 
same might therefore be imagined of micaceous schist. 
But in schistose gneiss, to which this rock bears a 
much nearer affinity, these are always coincident : so 
that the same rate probably holds in this one also, 
though not necessarily in all cases ; since, in the argil- 
laceous schists, the laminar structure is sometimes 
parallel, while, at others, it occupies different angles 
with regard to the plane of the stratum. With re- 
spect to the undulations and contortions of thp«e, it is 
VOL. 11. M 
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to repeat former general doctrines to say, that they 
have been produced by mechanical force when the 
rock Avus in a soft state ; yet under conditions so 
varied, tliat while, in some instances, it has undergone 
tbe most intricate contortions, in others it has not 
yielded without fracture. Whether tliis effect was 
liere produced by one or other of the ctmditions for- 
merly examined, namely, by the effect of heat, or in 
couse(]uencc of the presence of water at a certain 
stage of its existence, is a ijuestion that needs not be 
discussed again. 

To conclude the theory of this rock, it has been 
disputed whether micaceous schist was a purely cry- 
stalhzcd and chemical componndj, or whether it was 
of a mechanical origin. As already remarked in the 
case of gneiss, the disposition of the mica is not u 
proof of the latter ; but the regular order of the beds, 
implying a subsidence from water, indicates in this, 
as in other rocks, an originally mechanical arrange- 
ment ; as is completely proved by its alternating with 
conglomerated substances, such as the cuarsc gray- 
wackes and the quartz breccias which accompany it 
in Jura and Scirba, and still more, by its containing 
conglomerate portions, including fiagujents of granite, 
limestone, c[nart/, and other rocks, as I originally 
pointed out in Isla, Schihallien, and Fctlar in Shet- 
lan<l. But the proofs of a chemical structure com- 
bined with a mechanical disposition, are not less per- 
fect ; while I need scarcely repeat that this occurs in 
^•ocks which evince undisputed marks of mechanical 
structure, by contaitiing organic remains. To such 
chemical causes must he referred those crfstallize^M 
substances, such as garnet, which so often form 1^ 
constituent part of the rock, and which have uncjues^ 
tionably been produced in the places where they noi 



MICACEOUS SCHIST. 



163 



exist. These arc of igin'ous oriE^iii, as will be per- 
ceived by turning to the nineteenth Chapter; and, as 
formerly suggested, we must here consider, that after 
the deposition of these strata, they were subjected to 
that degree of heat which permitted the minerals to 
trystalhze ; as they do, in similar circuntstances, in 
the volcanic rocks. 

As the composition and texture of micaceous schist 
are infinitely various, no general statement will in- 
clude the different effects which follow its decomposi- 
tion. Hence the varying appearance of the moun- 
tains which occupy the great belt that reaches from 
the Mull of Cantyre to near Stonehaven ; and thence 
the characters of the soils are equally various. In 
some places it is a deep and fertile yellow clay, from 
the prevalence of mica in the rock, while, in others, 
when the proportion of quartz is large, a barren and 
thin sandy covering separates the brown peat from 
the solid rock. 

Its ceconomical uses are very limited, from the irre- 
gular nature of its fracture, though the tender vari- 
eties are sufficiently tractable for use; while, it is often 
a substitute for slate, well culcidated to resist the 
winds of a boisterous region. A sculptor might be 
surprised to see it applied to his own art; yet the 
cross of Campbelltown and those of lona, ornamented 
with Runic knots and foliages, present an intricacy of 
design exceeded only by the precision and durability 
of the workmanship. If it is esteemed, on the con- 
tinent of Europe, as a material for lining furnaces, 
that can only lie true of those varieties whicli contain 
a large proportion of quartz ; as it is fusible in a very 
moderate heat, where the mica abounds. Metalliferous 
veins occur in micaceous schist ; containing iron, ar- 
senic, lead, zinc, cobalt, and, rarely, gold. The mine 
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of Ty ml rum holds an amblguotis place between tliia 
and quartz rock, producing zinc and lead ; and, in 
other pliices in Scotland, it contains lead and copper. 

Chlorite Schist. 

Although this does not, like micaceous schist, ap- 
pear to form large tracts of country, or alone to con- 
stitute mountain masses, it is far too important to he 
classed as a variety of that rock. That it has not 
found a place in former geoloc:ical arrangements, is 
no reason for excluding it from the present. ^1 

Its fre(|iient connexion with micaceous schist, to-^^ 
gether with its analogy in structure and composition, 
render this its natural place j yet it will be found to 
possess a much greater variety, under that principle of 
arrangement by which I have classed, under one title, 
all those hitherto unnamed rocks, which are associated. 
by geological position, by the existence of a predo- 
minant or characteristic mineral, and by a frequent 
transition into each other. The details of these will 
be found in the Classification of Rocks; while, re- 
specting its general definition, it is that of micaceous 
«chist, substituting foliated chlorite for mica. The 
description of the great features of micaceous schist, 
apply equally to this rock, as far as it is known to 
rae; since they most commonly occur together, either 
in a simple association, or in alternation with others. 
Where intermingled, in minute and frequent alterna- 
tions, with other strata, it can confer no peculiar fea- 
tures on the aspect of a country. 1 

Chlorite schist is best known as accompanying 
micaceous schist ; forming, in this case, irregular beds, 
of greater or less extent, sometimes alternating with I 
that rock, hut more freqncTitly graduating into it, »o i 
that the limits ure undefittablc. Thus it is often 
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oBSiDie to decide under what head a particular tract 
should be ranked; while the cause of this will be 
apparent^ by recollectini; that f|uartz is common to 
both, and that the boundary between foliated chlorite 
and mica is evanescent. To make any remarks on the 
dimensions, forms, and positions, of its beds, as it ! 
occurs in these situations, would only be to repeat the '' 
history of micaceous schist. 

The next association in wliich it occurs, is as an 
integrant part of a peculiar sei-ies, us yet unnoticed by 
other geologists, which, in the Description of the 
Western Islands, I have termed the Chlorite series, 
occupying a considerable uninterrupted space from 
Cantyrc northwards ; and succeeding to the micaceous 
schist by an undefinable gradation. At first, a bed of 
itie chlorite series occurs here and there in the latter 
rock, till, encreasing in frequency, they become predo- 
minant ; while the micaceous schist gradually dimi- 
nishes so as to be no longer perceptible, except on 
close examination. Daring the progress of this 
change, the stratification, which was so confused as 
fo he scarcely distinguishable, becomes gradually so 
even and regular as to put on the appearance of a 
series of secondary strata. The deception is much 
aided by the thinness of the beds, more especially by 
that of the quartz rock and micaceous schist. This 
contrast of character is one of the most remarkable 
features in this series, as distinguished from micaceous 
schist ; the latter rock being geneially confused, and 
with difficulty distinguishable into strata ; while the 
former, even in its vicinity, maintains an invariable re- 
gularity throughout its whole extent. The resemblance 
I to the secondary strata is also much assisted by the 
perpetual interchange and repetition of the different 
substances in this series ; each individual being %wc- 
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ceedcd by some other, and no stratum occupying more 
than a few feet, while many do not exceed two o^M 
three inches In thickness. ^^ 

The leading strata which give the character to the 
whole series, are the following, placed as nearly a^| 
possible with a regard to their relative importance, or 
to the spaces which they respectively occupy. The 
first is a schist, thickly and imperfectly fiysile, consist- 
ing of schistose chlorite and felspar alone, or of these ! 
minerals with hornblende or with actinolite super- 
added. By the increase of the actinolite or of the 
hornblende, this stratum becomes so compact as 
scarcely to be distinguished from a hornblende or an 
actinolite schist ; into which it seems ultimately to 
pass. Quartz rock is next in quantity, varying much, 
both in its colour and texture, so as to present its 
usual modifications when in an independent situation. 
Next in order is scaly chlorite schist, arenaceous, or 
silky, and either flat or minutely undulated, splitting 
into thin laminae, and generally tender where exposed. 
Micaceous schist forms the last of the essential beds 
of this series ; being always flat and fissile, and fre- ^ 
quently presenting a greenish hue, go as at length to 
pass into the preceding rock. These two last beds 
rarely exceed a few inches in thickness, and do not 
together seem to occupy a twentieth jKut of the 
whole; while, in some places, the simple hornblende 
schist predominates over the compound chlorite schist, j 
almost usurping its place iu the series, 'ilie usual ' 
order of arrangement is that of a repeated alternation 
of every member ; but the u]icaceous schist is gene- 
rally next to the quartz rock, and the thin chlorite 
schist accompanies the thick and compound varietj 
Thus the contrast between beds of different diuiei 
sions, with the perpetual iuterchange of colour at 
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the extreme regularity of the strata, rciulers the 
whole very consin'cuons, and strongly distinguibhed 
from the shapeless and contorted heds of micaceous 
schist. The various alternating sulistances, of more 
rare occurrence and of a auhordinatc character, will 
be found in the Classification of Rocks. 

As the next series in which Chlorite schist forms a 
member, is described under Argillaceous schist, 1 need 
here only say, that the predominant substances in it 
are micaceous schist, clay-slate, and graywackc- It 
occurs here under nutnerons aspects ; many of the 
varieties resembling in structure the accompanying 
graywackes, and differing only in the substitution of 
scaly chlorite for iiuhiratt-d clay; while it here also 
presents transitions into clay-slate. And, in the last 
place, it is found, though rarely, accompanying gneiss: 
immediately following, and, further, alternating with 
that rock; while a gradation between the two also 
occurs, producing varieties which may he ranked 
under either, as they tend most to the one or the 
other. This was already indicated under Gneiss. 

Incompliance with the custom of geologists, I have 
here noticed the metalliferous reputation of the rocks 
described, thtmgh I know not that any useful informa- 
tion is conveyed by this popular usage. As a questiou 
of theory, there is assuredly none; since we know of 
no necessary connexion between any rock and the 
metallic veins which it may contain ; while, in practice, 
it appears equally fruitless ; since the same rock, in 
one country, abounds in metallic veins, when, in an- 
other, it is utterly barren. Whether chlorite schist is 
to be ranked among metalliferous strata in foreign 
countries, remains to he known ; as it has been very 
imperfectly described. But as the barrenness of Scot- 
land in metals is notorious, their absence from oui 
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own chlorite schist is no rule for others ; thoiigli I 
may observe, that in Ben Lawers, it ahouuds in Tita- 
nite, where it is traversed by quartz veins. Its other 
uses may be compared with those of micaceous schist : 
being quarried for rooting shite in Argyllshire, though 
inferior even to the worst varieties of artjillaccous schist 
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If Talc be snbstituted for mica or chloritej the d 
JBintion of talcose schist is the same as that of the 
preceding two ; but as it occasionally giaduates into 
both, it cannot always be decidedly rlistingnlsht^d from 
them. As far as I have observed, it is always very 
limited in quantity, and of comparatively rare occur- 
rence. Resembling micaceous schist in its general 
aspect, it is disposed in similar irregular beds where 
it occurs, but is as yet only known to me as forming 
portions of the general masses of gneiss, chlorite schist, 
or micaceous schist, or as being peculiarly connecte 
■with Serpentine. 

Where in company with gneiss, it is commonly ai 
tended by chlorite or micaceous schist, or both, form- 
ing a sort of intermedium by which it is connected 
with the principal rock. The strata arc, generally, 
exceedingly limited in all their dimensions ; and if 
occasionally thick in some parts, yet they become 
soon extenuated till they disappear. Where associ- 
ated with micaceous or chlorite schist, it passes into 
both of these by imperte])tible gradations ; as might 
be expected from the affinity existing among tb 
three minerals respectively characteristic of these dif- 
ferent rocks. In these situations also it is always in 
very small (juantity ; at times indeed so very minute 
as to occupy only an occasional lamina in the general? 
mass. Even then, its natural affinity to serpentine 
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h indicated liy the presence of steatite, foliiited talc, 
and asl)estos. As accompanying iliat rock, it gene- 
rally forms tlie boundary between it and the schistose 
strata in which it happens to lie ; seeming to be abun- 
dant only when they consist of micaceous schist. 
When the including rock is gneiss, it often unites 
with that, so as to form a talcosc gneiss, noticed in 
the Classification. I know not that it occurs con- 
spicuously in argillaceous scliist ; but minute lamina; 
of it arc occasionally found, producing that talcosc 
suiface which this sometimes presents on splitting. 

This rock is the repository of many well-known 
minerals ; but if too limited to be largely metalli- 
I'erons, it contains Chromat of Iron in Shetland. As 
a building stone, its harder varieties have been advan- 
tageously used iu Scotland; while the facility of 
shaping it, and its apparent indestructibility, entitle 
it to the notice of architects. Though recommended 
for furnaces, it has always proved to be very fusible 
in my own trials. Because sometimes used for ves- 
sels, it has been called potstonc ; to the no small 
confusion of the nomenclature, among careless mine- 
ralogists. 



CHAP. XXVIIL 

Hornblende Schist. Act'molite Schist. 

The term Hornblende schist implies a familiar strati- 
fied rock, of which it is a sufficient definition to say, 
that it consists of hornblende, alone, or intermixed with 
felspar, common, or compact; while generally, if not 
inA'ariably, schistose. Thus it may resemble the green- 
stone of Trap, in specimens ; while the chlorite series 
just described contains some compact beds of it, often 
remarkable for a prismatic structure, and thus capable 
of deceiving even a good observer. But in every other 
case, nothing but extreme ignorance or prejudice cai 
confomid hornblende schist with an unstratihed rock? 
while the terms primitive greenstone and greenstone 
slate, here suppressed, have produced utter confusion, 
in this case, in the hands of those who have so widely 
perverted all geological philosophy; confounding, not 
merely the schistose concretionary traps with this rock, 
but all the traps of Jipparently antient associations^ 
with a stratified substance. ^| 

Hornblende schist is so rarely found, in this country 
at least, independent, and occupying a distinct place, 
that little can be said respecting its great external fea- 
tures. The only example which has occurred to nie^| 
is the mountain Ben Lair in Rossshire, which consists^ 
almost entirely of this substance, surrounded by gneiss. 
It rises to the height of 3000 feet or upwards ; dis- 
playing a very rugged and picturesque surface, with 
extensive faces of bare rock. In all other situations,] 
hornblende schist either forms a portion of the great' 
mass of gneiss, or alternates with the other primary 
schists; so that the general aspect of the country is^ 
determined by a variety of concurring circumstances. ^| 

Like the other primary strata, it occurs in distinct^ 
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beds of varions dimensions, and iuicKt all the usual va- 
riations. When intermixed with gneiss, wliieh is its 
predominant association, for reasons already apparent, 
it follows the contortions of that rock ; affording, by 
its contrast of colour, the most perfect indications of 
those: and. as already remarked, it is traversed hy the 
same granite veins. Hence, it has been called subor- 
dinate ; but, as already said, this only proves that the 
intrusion of the veins was posterior to the deposition 
of the compound mass. Wherever, like the gneiss it- 
self, it is unaffected by these veins, all that follows is, 
that no intrusion of granite has there taken place since 
its deposition. It is occasionally found among the 
greater masses of micaceous schist ; while hornblende 
then sometimes enters into the composition of that 
rock, so as to produce an intermediate substance. la 
these cases, other compound and anomalous strata 
are often present; chlorite schist being frctiucntly 
among the number. Its peculiar association with this 
rock has just been described. 

It is occasionally found accompanying argillaceous 
schist; appearing to pass into the finer clay-state I)y 
an insensible gradation. I have already shonn the 
peculiar interest attached to this transitinn at the con- 
tact with granite; particularly nmiirkahle where its 
veins traverse clay-slate, or whese fragments of the 
latter are entangled in it. From tliis fact, and the pa- 
rallel ones at the contact of shales and trap, it would 
appear, that the fusion of clay-slate, whether primary 
or secondary, is, under various circumstances, ca- 
pable of generating, either the common trap rocks, or 
the hornblende schists: nor is it perhaps difficult to 
rxplaiii, by a more gradual cooling, and conse([uently, 
a slower crystallization, the particular causes which 
may have determined the latter rather than the former 
effect. Instructive exatnpks of this transition occur 
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in Islii and in lona, where there is a gneiss containing^ 
clay-slate aa an ingredient, while other portions of thes 
same beds include schistose hornblende and I havefl 
also traced the steps by which the one graduates into 
the other. On the skirts of Cruachan, where the ar-*^ 
gillaceons strata are penetrated by granite veins, there 
is a perfect gradation into hornblende schist, at the 
contact ; while the entangled fragments consist of 
this latter substance, evidently produced by a change 
of the character of the former. And near Bnsta in^ 
[Shetland, the same occurs on a much inor^ extensive^ 
'scale; some of the argillaceous strata beini; converted 
into hornblende schist, and others into siliceous schist ;^B 
while, under peculiar circumstances, a species of 
gneiss, resembling that of lala and lona, is produced. 
These facts require no comment; but the latter are 
particnlarly important, because the whole gradation 
between the three substances can be traced : the simple 
argillaceous schist being first indurated to the state of 
siliceous schist, and finally, as if by a greater degree 
of the same influence, crystallized. Thus also we can 
explain how the disposition in strata is united to the 
chemical texture of the rock in question. To say 
more on the origin of tliis substance, would be mere 
repetition : especially after the recent discussion re- 
specting it. The resemblance between actinolite and 
hornblende is so great, that it is almost superfluous to 
mention the change of this rock into actinolite schist 
And I hiivc only finally to add, that it incidentally 
accompanies limestone ; the calcareous bed being then 
generally intermixed with crystals of hornblende, a» 
near Loch Laggan and in Ben y Gloe. 

1 formerly noticed the probable remains of shells 
which I have found in this rock, and am not aware that 
it is the repository of any metallic minerals. As a 
building stone, it deserves a regard which it has not yet 
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experienced ; from the fiirility with which it Is squareil 
by the hainnicr alone, as well as from its strength and 
durability. It is also among the beat of paving stones. 



ActinoUte Schist. 

While mineralogists shall distinguish actinolite from 
hornl)lende, this rock must hr separated from horn- 
blende schist; and I am thence bound to notice it, though 
its geological history is but the same. Substituting acti- 
nolite for hornblende, the definition Is given; and if, 
when simple, it varies according to the magnitude, form, 
and interlacement, of the crystals, so, when compounded, 
the analogy is equally perfect, though varieties also 
occur, containing mica, talc, chlorite, and hornblende. 
The Geological information respecting it is so tri- 
fling that I can only (juotc Saussure, though his re- 
marks afford nothing for the present purpose. In my 
own observ'atlous, it l)ecomes a substitute for horn- 
blende schistj alternating with gneiss, while both fre- 
quently occur together. la general, it is in small 
quantity; and thus it Is fouiul dis|>erse<lly in many 
parts of Scotland, and in the Slietland islands. In 
one instance it forms a distinct and considerable pro- 
longed bed, well known in (Jlen Elg, where it occupies 
the summit of a bill, re-appearing in Eilan Oransa on 
the shore of Sky. It is likely that it forms similarly 
extensive beds in the Swiss Alps. In one instance 
only, I have found it forming lamina? in primary lime- 
stone, in Atholl; and it occasionally occurs in mica- 
ceous schist, where this is intermixed with chlorite and 
liornblende schists. It acconipanies serpentine, in Shct- 
laiul, under an association leading to no conclusions; 
and I have recently described its peculiar connexion 
vith Chlorite schist. That it furnishes specimens to 
collectors, is all that I can further say repecting Its 
JiiUural historv. 




CH.AP. XXIX. 

Quartz RocJ:. Red primarif Sandstone. 

As Quiirtz rock has been cither entirely overloo"ketl 
or niisappreheiuled hy all systematical writers, and, 
until I hud descrihed it, by all observers, it is probably 

I rare in Eaix>pc. It vrould be anbcconiing to suppose 
such oversights and errors, had it occnrred, as it does 
in our own island, in countries so often examined l)y 
pH)logists of n^putation : though others lunst explain 

(the cause of its fate here, as, in so doing, they may 
learn to estimate more correctly, the teachers and 
writers in whom they have trasted. Its history is 
therefore drawn solely from my own observations in 
Scotland ; the materials ha^^ng been originally pub- 
lisht^ in the Geaioglcal Transactions : while I may 
How name the few instances in which it has been no- 
tic<d elsewhere, since it thus received a leading place 
in the system of rocks. A on Bnch describes it in 
Norway, and Brongniart in La Manclia ; the fictitious 
All Hoy mentions it as abundant near Mecca; and it 
occurs near Lima and in Brazil, in tracts equalling 
that of Jura: though if Humboldt was uuable to de- 
termine its stratification or explain its nature, we must 
n'nunubcr that it had not then been noticed in any 
geological writings. Future observers, now informed 
of it» nature as well as its existence, will probably find 
thin imjjortant rock much more frequent than it was 
Muspeetcd to be while yet undescribed, We are 
taught, even to see. ^ 

Quartr rock, like limestone and argillaceous schist, 
hiin iiH counterpart in the secondary sandstones, but is 
not ^Kclll^ivcly formed of the minend wliencc it derives 
lt« inuiM', Tlio more intportant varieties may, how- 
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«ver, all be reduced under three divisions, consisting 
of quartz alone, of quartz and mica, and of quartz and 
felspar. A compound of quartz and schistose clay is 
far less common ; but all this is detailed in the Clas- 
sification of Rocks. Its texture is interesting, as pre- 
senting examples of the purely mechanical, and of the 
chemical, together with instances of that mixed or in- 
termediate nature so common in the primary rocks, 
la the purest examples of the chemical or crystalline 
texture, it consists of quartz alone, sometimes undis- 
tingnishable from that of veins, except by a laminar 
structure, or a tendency to divide into thin beds, pa- 
rallel to the plane of stratification. In the second va- 
riety, grains of felspar, rountled, not crystallized, are 
sometimes also imiieddcd in continuous crystalline 
quartz. The crystalline texture gradually gives way 
loan obscurely granular one; in which the quartz is 
either confusedly crystallized, or is an aggregate of grains 
united by a cement of the same substance. This 
granular texture varies much, in the size of the parts 
and the compactness of the whole; till, becoming lax 
and arenaceous, the rock cannot be distiui^uished from 
many secondary sandstones. In these cases, the tex- 
ture is chiefly mechanical; the grains being rounded, 
und the points of mutual contact few ; while this hap- 
pens also in that variety which contains felspar. But 
it becomes unc^uestionable when the rock consists of 
agglutinated gravel : while rounded pebbles dispersed 
throughout the beds, with angular and rounded frag- 
ments of dissimilar rocks, such as clay-slate, jasper, 
and micaceous schist, leave no doubt of its origin. 

It is worthy of remark, that Quartz rock sometimes 
<^^ontains cylindrical, generally flattened concretions, 
Miuihir to those of the secondary sandstones; adding 
* singular point of analogy to those aln?ady mentioned. 
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Had these been found in a secondary sandstone^ tliey 
would have been considered as orig-inatintf in tlie steiiiS'^H 
of vegetables : hot until wc find more decided organic^^ 
fragments among the primary rocks, no geologist will 
receive them as sncb ; particularly when it is prede- 
termined that this must not be. Yet if the coal in 
those rocks has originated in vegetables, these con- 
cretions may also have been derived from the same 
source. When it contains cavities lined with crystals 
of quartZj these must be attributed, as in the trap 
rocks, to watery infiltrations of silica. Contortions, 
so common in the primary strata, scarcely ever occur 
in quartz, rock; a few trifling examples only, having 
fallen under my notice: but flexures on the large 
scale are very conspicuous in the island of Scarba. 
[The probalilc rojisons were formerly stated. 

Of all the primary strata, quartz rock presents the i 
greatest regularity of stratification. The evenness, ^H 
persistence, repetition, and distinctness of the strata, 
are such, that it is matter of surprise how its true 
nature could have been mistaken, or how it could ever 
jl)ave been confounded with granite, as it ivas by the 
lAvell-known describers of Jura; even had its mineral 
'Characters not been so explicit. It is a lesson to J 
khosc who set about to construct systems of geology 
from books; but a lesson thrown away: still more 
! thrown away on those who describe what they havel 
l^not knowledge to see. In tbis and tlie associated] 
^islands, the (Ecological student may examine a series 
of stratification on a gigantic scale, as perfect as if it 
was displayed in a model ; and, for the particulars, l| 
may refer to the account of the Western Islands. 

The thickness of the strata varies, but ia more often 

nconsidevablc than otherwise; those of a few inehea 

or feet in depth lyeinsr common; as those of ^„„. 
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yards are rare. They are frequently tUvided, like die 
argillaceous schists, by joints; thus breaking into 
rectangular and rhomboidal fragments. Hence, where 
exposed to the force of the sea, they are often under- 
mined, so as to form caverns; of which Jura and Isla 
present magnificent examples; yet eclipsed by the 
{superior splendour and number of those at Loch Eri- 
bol in Sutherland. The total thickness of the deposits 
may easily he estimated in various parts of ScQtland; 
as in Ben Gloe, in Sutherland, and in the islands already 
luentioned. As it occupies the whole depth of Jura, 
from the sea to the sunnnit of Bcn-an-oir, the thick- 
ness of this collection of strata cannot be less than 
2200 feet, while it may be much more: nor is it much 
less in Canasp, on the west coat of Sntherland. If it 
is thus a very important member of the primary strata, 
in depth, it is not less so in extent ; occupying very 
considerable spaces in Shetland, Sutherland, Ross, 
Bauff, Perthshire, and in many other districts of Scot- 
land besides these Argyllshire islands- 

Quartz rock alternates with every one of the pri- 
mary strata, and, like all of these, has therefore no 
fixed place in the series. I know not that it has even 
a predominant one ; but it is most abundant in the 
gneiss districts, though the most continuously exten- 
Isive mass, that of Isla, Jura, and Scarba, is chiefly 
associated with argillaceous schist. Its alternations 
with gneiss are sometimes on a large scale ; at others, 
the beds arc so thin and so rare in proportion to those 
of the accompanying rock, that they would be called 
Mibordinate by those who delight in that term. In 
iliis case, the variety is generally that which contains 
f<l»par; often passing into the gneiss by ac(|niring the 
nthfr necessary ingredients of that rock- Irs alterna- 
luins with micaceous schist are the next in frcf^w&ucY • 

VOL. II. -jj, 
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as transitions are also more common^ and the distinc- 
tion less easily made. In this case the modification 
of the quartz rock is that ^n^hich contains mica ; so 
that as this increases in qnantity, the common limit 
of the two is evanescent. The geologist must here 
he guided by the predominant characters of the whole 
mass, not by that of a specimen ; nor must he be sur- 
prised if he cannot always find fixed distinctions be- 
tween, rocks so radically the same in composition. 
These alternations are sometimes therefore so gradual 
as to present a complete series of transitions ; while, 
in other cases, as in Jura and Scarba, they are per- 
fectly defined, even on a very minute scale. In such 
cases of minute alternation, it is as common for the 
micaceous schist to be subordinate in quantity to the 
quartz rock, as the reverse. 

Alternations of quartz rock with argillaceous schist 
have occurred to me only in Glen Tilt, and in the 
chain of islands already mentioned ; yet always on a 
small scale, and in beds of inconsiderable thickness, 
sometimes extremely thin, and beautifully regular. In 
the islands of the chain of Jura, there is a triple or 
quadruple series, consisting of quartz rock, with mi- 
caceous and with fine and coarse argillaceous schists, 
in endless alternations ; so that every one of those 
rocks is proved to be alternately more antient and 
more recent than the others ; still further showing, 
could that be necessary, the fallacy of those hypo- 
theses which lay down a fixed order of succession 
among the primary strata. Where it alternates with 
the coarse argillaceous schist, or graywacke, its beds 
pass into that rock through the conglomerate struc- 
ture already described. Its analogy to ,the secondary 
sandstones, here, becomes apparent ; the same mixed 
composition pervading both, as in the occasional con- 
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nexion between the recent coarse shales and the sand- 
stones to which they belong. Tlie whole of the 
association, indeed, between qviartz rock and argilla- 
ceous schist, bears a striking resemblance to that be- 
tween shale and sandstone in the secondary class. Of 
the connexion between fjnartz rock and the primary 
red sandstone I must speak immediately. 

The external character which quartz rock gives to 
a country, and particuhirly to the mountains com- 
posed of it, is generally remarkable, and leads to its 
detection, even at a distance. Such hills are com- 
monly of a conoidal shape ; and, under any form, are 
bounded by a smooth flowing outline, rarely dis- 
turbed by the asperities so generally characteristic of 
micaceous schist. They are commonly also covered, 
on the steeper parts, with fragments, on which no soil 
accumulates ; their naked whiteness being seldom 
concealed, even by the growth of a lichen. From this 
whiteness, often so dazzling in the snnshine as to 
emulate the effect of snow, the composition of these 
mountains can often be conjectured at a distance. Al- 
though these ruins bespeak the degradation of the 
strata, the disintegration of the rock itself is every- 
where scanty ; the soil being consequently thin, and 
consisting of little else than sand mixed with a portion 
of the black earth of vegetables. Hence they form 
the most sterile of all the soils of Scotland ; while the 
same character appears to belong to this rock 
wherever it has been observed. 

The theory of quartz rock is sufficiently obvious. 
Its regularity of stratiBcation bespeaks its aqueous 
deposition, as does its mechanical structure in the 
cases already described. Where this structure is com- 
\»ined with a chemical or crystalline texture, we have 
ynly the same difficulties to contend with as lu \\ve. 

s 1 
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secondary sandstones : which sire even found highly 
crystidline and compact, as in Fife, already noticed, 
where a bed in tlie coal strata is a compact quartz 
without any marks of mechanical origin. The fun- 
damental difficulty, in all these cases, is that which 
affects the whole history of silica. It has been once 
extensively dissolved in water, as is proved by a thou- 
sand facts ; and is still soluble, if in a less degree, as 
we know from events of recent or daily occurrence^| 
Such causes may have consolidated many primary 
deposits of sand into compact (piartz rock, whether 
felspar and mica were ingredients or not. But, as in 
gneiss and micaceous schist, licat cannot have been 
inactive, especially where it alternates with these : 
while it may as well have produced this eifect from 
some general cause, as it has from local causes when 
trap is present. The quartz bed of Fife is, evidently, . 
a secondary sandstone consolidated by heat : from it^f 
position, from the analogy of the cherts thus pro-" 
duced, and, still more, from the fact that, in Sky, the 
recent sandstones are converted into solid quartz in 
several places, precisely where they come into contact 
with veins or masses of trap. In this case, the action 
of heat is admitted, and the effect in question has 
taken place; and, similarly, in Ben-na-chie and in 
Glen Tilt, where beds of quartz rock are intermixc4 
with granite, they are indurated to compact quar^H 
when pure, and converted into jasper or chert whe^^ 
liiey have contained felspar or clay ; these changes 
being all co-extensive with the vicinity of the granite. 
Here, there are similar effects from a cause which, if | 
not universally admitted to be the action of heat, will 
not probably for ever be denied- ^^ 

The indestructible nature of most of the varictii^^ 
pf this rock, points it out as adapted for architectural 
purposes, though hitherto neglected. It can also frc- 
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quently be procured in parallel beds of various thick' 
ness; while, often possessing natural joints, like many 
Other schistose rocks, it breaks readily into fragments, 
I easily trimmed by the hammer. The difHcnlty of 
producing; a smooth surface by the pick, mi^jht limit 
its uses to certain classes of masonry ; but in those, 
the facility of giving it a form fit for bnikling, would 
render it ati oeconomical substitute for granite, which 
it also far excels in durability. As a lining for fur- 
naces, its value is obvious. 

The want of foreign observations on this rock, pre- 
vents us from knowing whether it is a repository of 
metals. If it be excluded from the metalliferous rocks 
because it contains no metals in Scotland, we might 
draw the same conclusion with regard to many others. 
Yet at Tyudnim, as noticed under micaceous schist, ga- 
lena and blende are found in a hill which consists of al- 
ternate beds of quartz rock and micaceous schist, and 
in which the former is nearly as abundant as thelatter. 



Red primary Saudsfnne. 

I ha.ve associated this in the same chapter with 
c]Uiirtz rock, for reasons which will ultimately appear; 
but before proceeding to its history, I must limit its 
range as formerly given in the account of the Western 
Isles. A re-examination of some of these districts has 
shown, more clearly, what I then suspected ; that 
some of the examples then f|UOtcd belong to the old 
red sandstone ; the diffiiciiltv of distinguisliing: them 
where the secondary follows the primary one, espe- 
cially in conformable order, being extreme, or almost 
iiisarmouutable. 

The varieties of this sandstone are very limited; 
nor does it require any further general definition than 
tnat of the secondary red satidstonc. It is, fundamcu- 
^iilly, un aggregate of (imirtz and red felspar, vvvtv\uc, 



ill tlir fiiiriRss of the ingredients, exceedingly iiidt^ 
rated, and the grains bearing the marks of previon;* 
imchaiiical uttrition. In this respect, indeed, it oftea, 
rt|UulM common quartz ; the whole appearing as 
cttinontcd by a general solution of silica. 

Sky presents the most easily ascertained examples o 
this rock: thongli it occurs also in Ross and Sutherland^ 
UHHOciatcd with (|uartii rock. The beds, which follow 
tlie general direction, present almost every possible 
dip, being directed also to dift'ercnt sides of the ver- 
tical. If their present lateral breadth be considered 
the same as their original depth when they were depo- 
sited, they will be esteemed to occupy a thickness of 
niBuy miles. But, I have pointed ont how such an 
r»tiinute may be fallacions ; though, under any view, 
they will form a mass of enormous thickness. In Sky, 
this scries of beds is also in parallel contact with the 
gneiss with which it alternates ; but, as in most cases 
of erected strata, it is impossible to decide which wa» 
originally the lowest. Independently of this alter- 
iiitliiid, by which its primfu-y nature is established, it 
ftUo graduates into the gneiss, producing intermediate 
litdtiiluiK'OM noticed under the head of that rock, and 
CiUUiiHting in dUrerent modifications of chlorite and 
mgillm't nun 8chi*ts, from fine slate to a perfect con- 
|||oii|orA(t\ occasionally also containing garnets. These 
«lu»ri»all<»n« arc sometimes very frequent, and the beds 
Vl m hi»l MIC nunute in proportion to the sandstone ; 
iu ...»„. I eases, considerable accumulations of the 
.0 \wiU, unmixed with sandstone, occur. Con- 
MU^«h*l'Ml<<1 *d various structures alternate with the 
^Hvr twv^dntuiie, as in the case of the secondary strata. 
\ •', 'iirtid rock is found in the same places, alter- 
... hU (Imk sandstone, and forming an integrant 
\ iif iho M>rie8 ; with the same variety of charac- 
IH Mi wlti^W i( occurs with micaceous schist. 
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The reasons for ranking this sandstone in tlie pri- 
mary class arc now apparent, notwithstanding Its re- 
semblance to those of the secondary division ; and, that 
it is not even the hitcst of the primary strata, is evident 
from the preceding history of its connexions. No ob- 
jections need arise with respect to the appUcation of 
the term primary, to a rock composed of re-nnited fraj;- 
ments, since the same character occurs in quartz rock, 
and also in niicaceons schist ; as there are also striking 
analogies between' the former series and the present, in 
many important particulars. The obvious ditfercnces, in- 
deed, frequently consist in little else than colour; fel- 
spar being equally present in some kinds of quartz rock, 
though of a paler hue than in this sandstone; while both 
have been generated from gneiss and granite, in these 
cases, as, in others, from those, and from other strata of 
a former series, as noticed in the chapter on the Kevolu- 
tions of the Earth. 

I may conclude these remarks by observing, that they 
who do not choose to admit a new distinction, may consi- 
der this as a modification of quartz rock. But the mag- 
nitude and distinctness of the masses, with their marked 
appearance and separation from the other forms of this 
substance, seem to give it a claim to a place somewhat 
more important than would arise from mere distinction 
of colour; though I willingly leave it to the judgment 
of others. If it is considered as unwarrantably intro- 
duced into the antient catalogue, I cannot quote any con- 
firmation of its existence elsewhere, from the writings 
of foreign au*liors. But as M. Cordier has recently pro- 
fessed to me his belief in a red sandstone, followed by a 
schist, and anterior to that "old red sandstone" which 
he takes care to distinguish from the red marl, it is 
Viktily that the rock which 1 have now described does 
actually exist on the continent of Europe. 
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Argillaceous Schist. 

As the present title includes all tlie primary varieties 
of this rock, it comprises the Clay-slate and the Gray- 
wacke of Geologists ; excluding all the similar sub- 
stances in the secondary class, under the tuirni Shale-^ 
The distinction is a geological, not a mineral one ; and 
the present arrangement, or innovation, has long been 
needed: since the confusion originally produc<;d by 
the Germans, and continued by their followers, in ad- 
opting and misapplying the term Graywacke, has ren- 
dered their writings worse than useless. This division 
of the primary schists appears to have been first founded 
on erroneous observation, as it has been continued by 
those who find it easier to follow authority than to 
observe. 

It was never, indeed, very easy to learn the opinions^ 
of Werner ; yet he appears to have mistaken the red' 
marl for the lowest sandstone, thus erroneously assign- 
ing to it the first place among the secondary strata. 
Hence, confusion was first introduced into his view»^ 
of these, while the mountain limestone and the old 
red sandstone became excluded, and placed cither in- 
his transition, or in the primary, series. 

Now as this sandstone series often contains as much, 
or moreof argillaceou9schists,than it does of sandstones, | 
and as many of these are formed of fragments, being, 
in a mineralogical sense, coarse graywacke, it appears 
to have laid the foundation both of his graywacke and 
his transition ; while it ia easy to see how exactly it 
tallies with all the characters which he has given, asi 
it occurs with us. 1 he remainder of the confusioiij 
follows of courise. They who were guided by wort 
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rather than things, and to whom authority stood in 
place of reasoning and observation both, easily trans- 
ferred the term graywacke to all the argillaceous schists 
of similar structure ; and the M'ord transition becoming 
a ready excuse for neglect, or a substitute for know- 
ledge, these strata became graywackcs anil transition 
rocks whenever it was convenient, cither for the system, 
or for the observer's ease or ignorance. I should think 
this criticism misplaced, had it not been necessary for 
the elucidation of a most vexatious obscurity iu geo-j 
logical writings. In reflecting on this abuse of terms, 
we are ahnost inclined to wish that the business of 
Geology could be carried on without tlieni. There 
would at least be fewer writers, when descriptions 
must be substituted for phrases ; nor would so much 
time be occupied in undoing the knots which ignorance 
has tied, and which have made a warfare of a peace- 
able pnrsuit. 

The examination of Nature confirms the proprjetj 
of the arrangement which 1 have thus adopted. There'"' 
is no extensive mass of fine schist, or vim/slate, in 
which the coarse, or grai/ivacke, does not occur, while 
the reverse is also true : and, in all cases, the geolo- 
gical relations are the same, or the identity perfect. 
Moreover, the two structures pass iuto each other by 
insensible gradations ; sometimes vertically, in a bed 
or series of beds, and at others laterally, in the same 
hed : while wliat is true of the larger tracts of argilla-, 
ceoos schist is equally so of the smaller masses foHn(f 1 
among the primary strata. And the />r/o/'/ reasoning 
supports as it explains the facts: as they are explained 
also by the analogy of the sandstones of varying tex- 
ture: both of them being aqueous deposits of fine and 
coarse materials, thus separated by the actiou of water. 
The geological uniting of these, lastly, ex^uall^ ^vx^'^v 
fies t^e present Hrningviiwut. 
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The general definition of argillaceous schist is, an 
indurated schistose clay, either simple, or mixed with 
quartz, occasionally, with mica also, and with other 
ingredients. In Clay-slate, no quartz is visible; in 
Graywacke, the basis of clay-slate may contain mica 
only, or quartz sand, or both ; and also gravel of dif- 
ferent kinds, becoming at length a conglomerate of 
various fragments or pebbles, united by indurated clay. 
The details of these, and of the varieties termed hone, 
whetslate, &c., will be found in the Classification of 
Rocks. 

The internal structure of argillaceous schist is va- 
rious, though not always depending on the fineness of 
the ingredients. The schistose, or laminar one, is 
more or less perfect, in both varieties. In clay-slate, 
it has no apparent cause ; but, in graywacke, it often 
depends on the occurrence of a micaceous lamina, or 
of minute scales of that substance. In such cases, the 
laminar character depends on the gradual deposition 
of the materials; while the analogies of micaceous 
schist, gneiss, and the fissile sandstones, would lead us 
to infer that it was always parallel to the plane of the 
bed. That, indeed, is often the case, particularly 
where thin beds of this rock alternate with micaceous 
schist, quartz rock, or gneiss. In other instances, 
however, it is not conformable to the stratification, 
being placed at different angles towards it, and, some- 
times, even transversely. When the beds themselves 
are exposed, this fact is easily determined ; while, if 
the direction of the fissility is alone seen, an erroneous 
judgment is often formed respecting the real positions 
of the strata. If there are sometimes no means of 
correcting this judgment, the real stratification can, 
at others, be ascertained by examining the internal 
structure ; as I long since showed to those who have 
committed this frequent error : the mode of separation 
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of the finer and coarser materials, duriiiij; tlieir deposi- 
tion, evincing tliat any alternation fyetween these must 
. L)e parallel to this plane ; as the facts themselves also 
■ j^rove. If therefore any doubtful bed presents such 
iXTi alternation, whatever directiou its himinar tendency 
X-iiay possess, the plane of .stratification must ho con- 
crt'ived parallel to that ; and by this criterion that 

^c^ tiestion can he determined ; while the proof tlaat the 
^iasility depends on concretionary structure, and not 
o «n deposition, in such cases, is evinced by the fact 
tt I iat it not merely crosses the stratification, but is often 
c?<::>ntinued through both the varieties. 
The laminae arc sonictiuics straight and even ; at 
*>thers, more or less miiuitely unduhited, as in uiica- 
^*^oiis schist; these niodilications being most remark- 
•*■ Vile in the finer clay-slat«s, though occurring also in 
^l^e graywackes. Occasionally, they present irregular 
^^^Dvexities and concavities ; while this is most common 
'*** the graywackes. In a few instances, they possess 
* fibrous texture, sometimes further combined with 
^Oe laminar. The coarsest graywackes are sometimes 
^«Huiiiar; at others losing that texture, and becoming 
•tiassivt; con ijlo me rates. Tliev occasionally contain 
Isi-ains of felspar, deriving thence a porphyritic appear- 
^Tjcc : and large fragments of tpiartz sonietinu's occur 
*>» the finer schist, without destroving its fissilitv. 

All the varieties divide naturally at right or oblique 

Angles to the laminte ; the divisions being commonly 

filled with ochrey matters, and tlie joints smooth. The 

*"homboidal and other forms are familiar ; sometime!* 

producing long beams adapted to architecture. 

Laminoe of chlorite and talc occurring, confer on 

those parts a silky or jjhimbaginous lustre; as veins 

Qf CjUHTtz and of calcareous spar are conunon ; both 

'substances often existing in the same vein. Veii\s of 
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wite are also frequent, but other venous substance 
v( an accidental nature. Lastly, the argillaceous" 
HcliiHtH contain nodules or cylinders of the same nia-j 
'U'l'ial, possessing no internal structure, round whicl 
1^ lamina' of the including rock are bent: while 
jihfHC, with other concretionary forms, have led bad 
t<'«!ioners to false conclusions respecting the origin of 
'thcfic schists. 

'i"hc transitions of fine clay-slate are into drawing- 
(Uuto, fine chlorite schist, ujicaceous schist, siliceous 
,ichi«t, and honihlcndc iichist; the three latter oc- 
iHiniug only in tlu- vicinity of granite, trap, or gneiss, 
lluwo of gruywacke arc into coarse chlorite and mi- 
,tHWl«t mchists, ijuartz rock, and sundry conglomerates.^B 
Hi |>,iMscn, fiirlhci', into red sandstone, where these ap-^l 
luoviiiiaU'i and as it is also a nicniher of that scries, 
ihoujiiih und<T flic name of shale, this has particularly 
M U> the crroni'OUH inference noticed under the Red 
Midnlolic, thai thiTCNvas a geological gradation between 
^tho primary and the secondary classes. Further, it 
|it««««*it lMt(» M"hi!<iO'<c clays, not to he distinguished 
IVoiu Uu»»n» which occur among the secondary strata. 
I'W HVadarhmH into gneiss, and into the red primary 
If, have bt'cn already noticed. (3rgain"c fossils 
.. M.»M kindu arc sometimes contained in argillaceous 
A\M> »Uid even in considerable abundance, as formerly 
MlMi<iV«'dl Wnlci* i)re9cnting remarkable examples of 
^U \»«1M»n'«MHV. 1 1 also occasionally contains certain 
" (d hiiiK'r.ila, such as chiastolithc, garnet, 
', tO(d Millers. 

.^voUN, like micaceous schist, occurs in two 
,t» viUu'V forming huge masses and occupying 
^ U, or alternating in smaller proportion with 
W'f wck», and often in a very intricate manner. 
.»! »ai»iN like the other primary strata, it is dis- 
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pnsed in beds of various dimensions; mulrr the usiuil 
variations of dip and direction. These are also snlj- 
ject to flexuresj yet seldom disj)laying such intricate 
contortions as micaceous schist or gneiss, except when 
in contact with granite or trap, or traversed by veins 
of these snbstanees. Moreover, the laminae are some- 
times bent or contorted, even when the beds arc re- 
gular and their planes parallel. To a cylindrical or 
conical flcxnre, occurring in these beds and in the other 
primary schists, tlie term mantle-shaped has been ap- 
plied by those who find strange virtues iu words. This, 
and other such terms, I have designedly avoided ; re- 
serving also the only renuirk which they require, to 
this place. All the primary stnifa generally preserve 
an uniformity of direction and inclination, unless gra- 
nite be present, in which case they put on these forms, 
and commonly in proportion to their proximity to this 
rock. The causes must have long since been obvious. 

In alternation with other rocks, it sometimes occu- 
pies very small spaces; a single bed occurring among a 
large mass of strata, not to appear again throughout a 
large portion of the series, being also variable iu breadth 
and persistence, and sometimes a mere lamina, exte- 
nuated to nothing after a A'ery short course. Occa- 
sionally, many are accumulated in depth, without la- 
teral persistence; thus formiug insulated and irregular 
masses, not indike the independent deposits among the 
secondary strata. In other instances, it occurs in con- 
siderable tracts, containing occasional beds of other 
substances : or in a long succession of alternations 
with one or more others; iorming, lastly, an occasional 
Micmber in a very irregular and various scries; as will 
presently be noticed. 

With respect to the positions of this rock towards 
the primary, it immediately follows granite iu Cornwall, 
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in Scotland, in Jersey, and elsewhere; both varieties^ 
being indlftereiitly hiwest, us in other cases where the 
same rocks occur in more limited portions. In all 
these exrttiiplcs, it is followed by the secondary strata; 
nor do I know that, on the great scale, any other pri- 
mary reck bus been observed succeeding to it, altbongh,! 
on the small, I have fonnd every one of tbeni. The al- 
ternations wliich it th<.'n presents are numerous and in- 
tricate; and the history of these will determine the na-^ 
tare of the rocks which it follows and precedes, as that 
will hIhiw that it has no fixed place in the system, con- 
sidered as a mere rock. That its larger masses may 
follnw any primary stratum, and thus also be still the 
uppermost, it is superfluous to say. 

A reniaikable example of its alternations, is the com- 
pound series which terminates the Highlands to the 
southward, and is followed by the lowest red sandstone; 
misrcjircsented as a mere mass of clay-slate. The rocks 
in question consist of different raicaccons and chlorite 
schists, with gray wackes equallyvarious, clay-slate, and 
limestone, and more rarely,with gneiss and hornblende 
schist, irregularly intermingled, and often presenting 
transitions between several of the members; as from 
the micaceous to the chlorite schist, and from the latter, 
into graywackes or clay-slate. Yet more or fewer of 
those are found in different parts of this long and nar- 
row deposit, which is sometimes reduced to the argil- 
I'laccous schists alone : the whole graduating into the 
ftnicacoous schist which it succeeds, so that the limit is 
sfiirccly ever definable. 

Ita ne.xt remarkable associiition occurs in the chain 
of Isla and Jura. Here, both the varieties alternate in! 
frcrpient repetitions with quartz rock and micaceous 
Rchist ; the graywackes often passing into the conglo- 
iiunitcH of llic former ; while in some parts, the united 
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clay-slate and p:iavwucke occupy considerable spaces, 
without the intervention of the other rocks; hmestone 
also forming an occasional part of this series. I may 
refer to the accounts of Chlorite schist and Primary 
sandstone, for some other associations of this rock ; as, 
under gneiss and hornblende schist, I liave described 
its peculiar connexions with those substances. I need 
only add, that beds of argillaceous schist sometimes 
occur in company with quartz rock and micaceous 
schist ; in a very independent state, and far removed 
from any masses of a siuiilar rock ; as may be seen at 
Balahulish. 

I should not be at the trouble of adding any thing 
op the theory of argillaceous schist, since it is but that 
of most of the preceding strata, had it not been mis- 
apprehended and disputed. That both the fine and 
the coarse were originally deposited from water, must 
be apparent, as must the nature of the original mate- 
rials. But there are cases in which it must subse- 
quently have been exposed to heat, if it has not in 
every one; since, in this way, and no other, can be ex- 
plained the formation of the minerals of igneous origin 
within it, and indeed of any minerals belonging to its 
texture. The ease is that of micaceous schist and gneiss; 
and thus too arc the porphyritic graywackes explained. 
In the same manner, probably, must be explained its 
several concretionary structures. It is also connected 
with the theory of this rock and of micaceous scliist 
both, to remark, that at its contact with granite, it is 
often converted into the other for a small space, as it 
is also, if more rarely, into gneiss ; while if any one 
still continues to maintain that these arc distinctly stra- 
tified substances, and not cases of igneous influence, 
the theory is proved by the fact that the same changes 
occur where granite veins penetrate, in a manner which 
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preclndes all possitiility of a separate strattfication. L 
reality, this ami the similar facts noticed all through 
this work, imply the whole theory of the primary strata, 
as rock species, distinguished from the secondary ones. ■ 

As argillaceous schist forms extensive tracts, it is 
easy to study th*' characters which it confers on a di- 
strict. In these, there will be found considerable va- j 
riety, as in North Wales, Cumberland, Cornwall, and fl 
the South of Scotland. Of these, Snowdon attains a 
consitlerable elevation, as does the mountainous tract 
of Cumberland ; often presenting faces of naked rock, 
with a variety of riiygedness equalling that of micaceous . 
Nchist, as in Snowdon, and Langdale pikes, while iii ■ 
Skiddaw and elsewhere, the smooth conoidal and low ~ 
rounded form more gcnerallyeharacteristicof this rock 
prevail; as well as inWales, widely, in the Isle of Mann, i 
in Cornwall, and in the South of Scotland ; though, in H 
Cardigansiiire, it is disposed in sudden hills of small 
elevation, marked by frequent protuberances. And as 
it generally decomposes readily into a clay, of different 
degrees of tenacity, it presents a great variety of soils, 
favourable both to agriculture and to the growth of 
wood. Its oecononical uses are well known. 

Metalliferous veins occur in both the leading varie- 
ties of this roek. The tin and copper veins of Corn 
wall are common to the schist and the granite, and it 
necessarily therefore contains the other metals men- 
tioned under that head. In Scotland, it forms the great 
mine of the Lead-hiils; and, iu otlicr countries, it 
includes silver, copper, /inc, and more rarely, cobalt, 
and gold. 
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CHAP. XXXI. 

Diallage Rock. 

This remark al tie componnd is nmont^ the more rare 
nf the primary rocks, uiitl is, tlicrcforc, not very well 
known. Fortunately, our own country contains one 
conspicnous tract of it, where its chief characters may 
be cxiiuiinetl, and whence the present description must 
he derived ; since foreign writers have not given us 
very satisfactory accounts of those which exist on the 
rontiijent. This occupies the whole of Balta, and 
portions of Unst, Wya, and Fetlar, in Shetland, It 
occurs also, in Piedmont, in Corsica, and at Crcms in 
Austria ; being further said to form the Zoltenbergin 
Silesia, and to be found in Norway, even as far as the 
North Cape. It is to be wished that the details of its 
geological connexions, in all these situations, were 
carefully studied and described. 

This rock is a compound of diallage and felspar. 
Its varieties depend on the nature of the felspar, which 
is either tlie common or the compact kind, on the 
vturying proportions of the two ingredients, and on the 
various niiignitude nf the integrant parts. For these 
and other details I must refer to the Classification of 
Kecks ; the mixtures of serpentine and diallage being 
ranked under the varieties of the former substance. 
Independently of its stratification, Diallage rock pre- 
sents some pecnliarities, whence arises that disposition 
to irregular fracture which so generally obscures the 
divisions of the strata. Jt is often penetrated by thin 
laminae of talc, chlorite, or mica ; in consequence of 
wliich it yields in numerous directions. It is also often 
intermingled with short irregular veins or masses of 
llic felspar which forms its chief ingredients ; and thu« 
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also it varies much, even within very narrow limits. 
The texture is often confusedly crystalline, like that of 
granite ; the rock breaking indifferently in any direc- 
tion, though commonly with great difficulty, on ac- 
count of its extreme toughness. This is more parti- 
cularly the case in the stnall-graincd varieties, and in 
those where compact felspar is an ingredient : the 
larger-grained kinds, and those containing common 
felspar, being comparatively frangible. But it is often 
fissile in one direction, while it yields with difficulty 
in the opposite one ; the texture resembling that of 
gneiss, or being imperfectly schistose, and the fissility 
arising, similarly, from a parallel tendency in the 
crystals of the diallage. It often also contains those 
veins called contemporaneous, in which the two mine- 
rals are intermixed in large portions or irregular cry- 
stals, or in which one of the constituent minerals exists ■ 
to the exclusion of the other. ^M 

The stratification of the Diallage rock of Unst and" 
Balta is so obscure, that it might, on a superficial 
view, be considered as an unstratificd rock, analogous 
to granite. But more careful observation discovers thj 
it is disposed in protuberant masses, in lines parallc 
to the general direction of the neighbouring strata, ar 
that all the points projecting into the sea, preserve thi 
same bearing. This disposition is further evinced il 
its regular juxtaposition to the strata of gneiss, and 
micaceous and argillaceous schists, which it followd 
and by its occasional alternation with these rocks, hoi 
ever its scanty exposure in the interior, and the lowne« 
.of the shores, may deprive the observer of the unquc 
tionable evidence derived from the forms and divtsioi 
of the beds ; which are also obscured by the innum< 
rable fissures among which they are confounded. B< 
in Houna, the stratification is perfectly distinct; thj 
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^direction and the dip of tlie beds being easily traced, 
ind ihcir dimensions also admitting of measurement. 
'At FcdalamI point too, where thin beds of this rock 
are interposed among other primary schists, the regu- 
larly stratified disposition is obvious. 

Like many more of the primary strata, Diallage rock 
presents a considerable variety of connexion ; being 
found in contact with gneiss, with micaceons, chlorite, 
and iu-gillaceous schists, and with serpentine. It also 
alternates with every one of these rocks ; while the 
large masses contain thiii beds of these substances, and 
of hornblende, tulcose, and nctinolite schists, with, more 
rarely, serpentine. It further appears to pass into tal- 
oose and chlorite schists ; and in those cases, the essen- 
tial mineral, diallage, appears to change its character 
90 as to graduate into talc, or chlorite: felspar remain- 
io^. The apparent passage into serpentine occurs 
where the diallage rock approximates to that substance. 
In this case, the felspar seems to be excluded, aud a 
serpentine substituted in its place ; though froia the 
dark colour of the compact felspar in this couipouud, 
and the hard nature of the serpentine, they arc 
scarcely distinguishable in the state of minute admix- 
jure with diallage. 

In concluding this acxount of its geological con- 
nexions, I must obsn've, that all reports seem to notf 
it& irequent or peculiar connexion with serpentine, 
though it is not easy to coujcciurc what necentory af- 
finity should exist between them. 'I'his appears to be 
the fact on the continent of Europe, as it is in Corn- 
wall and in Shetland ; in these islands, even the small- 
est masses of it are accompanied by portions, e<jually 
insigniEcant, of Serpentine. 

In this imperfect state must the history of Diallage 
rock reuiuiD, tiD foreign geologists shall fumbli Us wilh 

o 2 



11M5 



DIALLACE ROCK. 



more accurate accounts tlian thny havo usually done of 
rocks in general. Its theory must tlicjcforc remain ob 
score. From my own investigations, it slionld bear an 
analogy to gneiss ; having been originally tleposited, as 
a stratum, from water, and suljsequeiitly mint;rali/,ed by 
heat. But if the facts respecting it, quoted in the sub- 
sequent history of Serpentine, arc autlicntic, it is, like 
that, an occasionally venous rock, and might tlicreforc 
claim a similar place among the unstratificd substances. 
Thus, analogous to gneiss in one place, it should be 
analogous to granite in another ; while this donblc cha- 
racter is perfectly consistent. Thus, further, while 
nearly resembling hypersthene rock, it might be, like 
many traps or porphyries, a member of both classes ; 
and it is, in reality, a secondary as well as a primary 
rock, if the facts to which I have alluded iire true. 

Though, in Shetland, it confers no particular cha- 
racter on the form of the land, it is easily recognised, 
even at a distance, by the peculiar aspect of the surface. 
Being, like serpentine, unfavourable to peat, and 
mouldering with ditliculty into soil, it protrudes every 
■where, with an efl'cct resembling that which is pro- ^ 
duccd by scattered blocks of granite, while the intert^fl 
vals are distinguished by the greeimcss of the pasture, i 
Balta displays the character of this rock when exhi- 
biting a bare surface : its precipices being petrnliarly 
rugged, without marks of stratiftcation, and broken into 
-innumerahle angular parts, by fissures in every possible 
■flirection, but bearing no resemblance to grimite, or 
•trjij}, or any other rock. 
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Serpentine. 

This rock has never been duly studied by those who 
have had opportunities of examining it widely, and 
thence it has continued to be one of the ditnculties of 
Geologists. If iny own views of its nature are derived 
from Britain, they are founded, as on all other occa- 
sions, on those essential facts and analoj^ies which seem 
to constitute the laws, or the philosophy of (ieology; 
and thence, even this limited field of observation should 
give the truth, as I trust it has done, in every other 
case, where the same proceeding has been followed, 
under a careful induction of essential facts, derived 
from the same narrow hut rich field. And hence, in 
this case, as in all others, when I have borrowed from 
authors, it has been utrder rigid care, arising from tho 
conviction that Nature cannot contain opposing truths. 

Serpentine occurs as a stratified, an uustratified, and 
a venous rock; and thence it might have stood iix 
either of the two first great divisioiig. If I have here 
vacillated, in changing its place to the former, having 
included it among the unstratificd in the Classifica.- 
tioTj of Rocks, Geologists may determine as it pleases 
them, respecting a rock which occupies this double 
place, though, in both, of igneous characters, and thus 
bearing an affinity both to granite and gneiss. Thus 
also have I placed it in the pri^nary class, though oc- 
curring, like siliceous schists and others, in both. 

It is difficult to ascertain, from foreign authors, 
under what precise distribution mostof the well-known 
masses of serpentine on the Continent of Europe 
exist; as geological language has not always been very 
Uefinitc respecting straiihcatiou, and us, uu that i^ues- 




tioii, there is too often an hypothesis which vitiates 
the observations. But, in our own country, it pre-1 
sents very few instance!* of a form, even approaching 
to this. Most of the smaller, and even some of the 
larger, examples, are shapeless masses, or irregular 
nodules, if that term maybe applied to bodies of large 
dimensions. In this respect, however, Serpentine is 
somewhat analogous to limeitone; since among the 
primary ones, iri'egular masses are not uncommon. 
Limestone is, in fact, occasionally entitled to be consi- 
dered unstratificd, as mncli as Serpentine; hntitmust 
be remembered that it does not form veins, except as 
calciireous spar, and that it has no proper trtmsition 
into other rocks. 

The masses of Serpentine vary in dimension.<», from 
a mean diameter of even a few inches to one of miles; 
though in the latter, a more perfect examination than 
the ground will often afford, might discover traces of 
stratification not visible on a general view. This is 
the case in Unst; where, tliroughout a very extensive 
tract, no marks of the stratified disposition can be traced, 
while in other places, it is perfectly distinguishable. 
At Poitsoy and in Sutherland, it occurs in a form par- 
taking both of the nature of a stratum and of an ir- 
regular mass; as happens in the primary limestones. 
Such bodies are included among other strata; and, 
for a certain space, at least, they have two flat and 
somewhat parallel sides, determined by those of the 
including rocks, but which soon converge in every 
direction, so that the mass becomes extenuated all 
round till it vanishes. If, in Unst, the stratified dis- 
position is often imperceptil)le, it may arise from the 
imperfect view obtained, in consequence of the nature 
of the surface, and from the irregular manner in 
which it is fissured : whence the diviijioub of the 
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strata are confoundud among: the innhitildf of discor- 
dant rifts, as Lappcns also in <!iullagc rook. Where 
visible, it admits of no doubt; the indications of the 
strata being prolonged iu u parallel direction to those 
of the accompanying schistose rocks, and dipping in 
a conformable manner. The same appearances, if less 
explicit, may be traced in the neighbouring island of 
Fetlar. I cannot quote any further examples of this 
disposition; tbe apparently similar indications in Aber- 
deenshire being extremely questionable. 

The associations of Serpentine with the primary 
rocks are even more various than those of limestone; 
since I know not that this has yet l)cen found involved 
in granite, as the former is. In Aberdeenshire, irre- 
gular masses of Serpentine are enclosed within that 
rock, excepting, of course, where it is itself visible. 1 
know not that this appearance is an objection to the 
originally stratified nature of Serpentine ; since frag- 
ments or masses of other rocks are often found in this 
position. But it is worthy of remark, that, at the 
contact of the granite and the serpentine, there is 
generally a lamina of steatite or of talcose schist; 
while there is occasionally an uncertainty of charac- 
ters at the junction, which may even be termed a trans- 
ition between the two. We shall presently see the 
value of this observation. 

In Sutherland, and in Glas island near Harris, ser- 
pentine is found imbedded in gneiss; having two 
parallel sides, or assuming the appearance of a short 
stratum, while in this association, the external parts 
are commouly intermixed with hornblende and with 
actinolite; so that an irregular transition into the sur- 
rounding rock is produced. In Shetland it is associated, 
I indifferently, with gneiss, and with micaceous, chlorite, 
I and argillaceous schists, as it is with (he latter rock 
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at tlie Lizard in Cornwall, in Anglcsoii, unci at 
soy. At this latter spot, the intermixture of thi^ ilif- 
ferent rocks is somewhat intricate; gneiss, chlorite 
schist, limestone, and serpentine, all occurring in an 
irregularly alternating order. In A!>erdeen.shire, simi- 
larly, it occurs in company witli almost all the pritiiary 
class except quartz rock; with which I have never 
yet seen it associated. If, lastly, it bcurs a peculiarly 
intimate relation to talcosc schist and diallage rock, 
that has been noted in the descriptions of these. 

Thus far, the history of Serpentine has also justified 
its rank in the primary class; nor need it he deprived 
of its place there hecause of the circumstances about 
to be described. In Sky, where trap veins penetrate 
white crystalline limestone, the parts in contact with 
the calcareous rock consist of serpentine, to the depth 
of an inch or more. There is also a graidation between 
the serpentine and the trap, which is a black day- 
stone; so that a perfect transition takes place between 
the two. Similar appearances, less remarkable, occur 
in the same island, where trap veins intersect a series 
of calcareous sandstones, being further displayed, but 
on a more extensive scale, and in a more distinct 
manner, at Ckmie in Perthshire, as I originally 
showed. Here, where a basaltic vein traverses lime- 
stone, the sides of the former consist of serpentine 
to the depth of four or five inches, passing into the 
basalt by an imperceptible and perfect gradation, 
while the rifts arc also filled with varieties of stea- 
tite and asbestos. In these instances, moreover, the 
limestone near the contact is intermixed for a similar 
space with steatite; so that there is often an almost un- 
interrupted gradation, through steatite and serpentine, 
between the two highly discordant substances, basalt 
uud limestone. Tikis conuexion between basii' 
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serpentine is not less reiuarkal)lc than the other pecn- 
liurities of tlie hitter roek ; and is further iiulieatcd by 
the fretjueiit occurrences of steatite in tiiu traps, and 
of hornblende in the Serpentines. 

Some observations long posterior to uiy own, have 
not only confirmed tiiem, but proved what I then suj^;- 
gcsted, that veins of Serpentine alone might exist, 
since that substance f()rmed portions of trap veins. 
Mazzari has found sucli veins in the alpine limestone 
of the country of the Avisio; while Parolini and 
Webb have observed basalts and amygdaloids con- 
taining steatite, then becoming aorpentine, and busily 
sending veins of this substance into tlie mountain called 
the Giants' bed, on the Bosphorus, The transition of 
trap into Serpentine occurs also at Prctlazzo in tiic 
Tyrol, in the same manner as at Clunie; and it is re- 
markable that where the veins occar at Santa Pc in 
the Pyrenees, they consist indifferently of hornblende 
rock, basalt, and serpentine. In South America, at 
Venezuela, serpentine and greenstone are said to al- 
ternate. According to Cordicr, the basalt.s of the Bos- 
phorus are of volcanic origin; but whether this be 
the fact or not, the existence of volcanic aerpentine in 
the form of veins seems cstaldished; as an amygdaloi- 
dal rock in the volcanic mountain Akkrefell iti Ice- 
land, is traversed by such veins, of four feet in thick- 
ness. I must add to these important facts, that the 
transition between granite and serpentine, which 1 ori- 
ginally observed in Aberdeeushire, is now spoken of 
by Mazzari as un(jucstionable. 

Here, then, Serpentine displays all the characters of 
an unstratified and venous rock, of igneous origin. 
The evidence seems as complete as it can well be; and 
if it does not receive sutne additional support from 
another aiudogy, that may ai least remove an objection 



202 SBRPSNTINB. 

derived from its peculiar textnre, so often earthy, and 
so seldom crystalline. The same character is frequent 
in the rocks of the trap family; and whether it is a 
consequence of partial decomposition, as there sug- 
gested, or an original form, it is obvious that the same 
difficulty applies to both. 

An observation of Brongniart,imperfectly made, and 
therefore at first disputed, becomes explained under 
more accurate observation consequent on the views 
which I originally suggested, while it tends to con- 
firm the theory which I have given of Serpentine. 
The error and its correction will serve to teach the 
young observer the necessity of preliminary and cor- 
rect knowledge. In various parts of the Apennines, 
as at Prato, Pietramala, Volterra,' &c., it was found 
lying above Diallage rock, followed downwards by 
jasper and by the secondary limestone ; while he con- 
cluded that the serpentine of La Bocchetta, Mussinet, 
Baldissero, and Castellamonte, was similarly situated. 
Hence, not only Serpentine, but diallage rock, and 
jasper also, ought to be secondary rocks of a very late 
date. Admitting the facts, in their fullest extent, I 
had thus explained them. I have elsewhere shown 
that jasper is sometimes a member of the trap family^ 
and that it is often peculiarly associated with these 
rocks, when belonging to the stratified substances witlt 
which they are in contact. If instances of secondary^ 
and unstratified diallage rock did not exist, its analogy 
to hypcrsthene rock is so great, that such a fac^ 
would excite no surprise. It only remained to account 
for the Serpentine ; and as I have shown it to be con- 
nected with trap, in the case of veins, the same rule 
might be extended to the masses in question. Thus the 
upper rocks of this series should be a secondary for- 
mation belonging to the trap family ; the jasper being 
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formed from somo argillo-areniiceons stratum, in the 
nninner luTcufter indicatod in trcitinp of that rock. 

Tliis view is now eontirined hy facts occurring near 
Borghelto, m Monte ferrate, near Prato in Tnscany, 
and elsewhere ; the defect of Brongniart's observations 
being corrected by others, who have shown that these 
overlying masses are partial, and are connected with 
deep-seated ones beneath, filling great rents in the pri- 
mary sti'ata, while the diallagc rock, of various aspects, 
often includes masses of serpentine, together with those 
botryoidal siliceous schists so frecjuent in the vicinity 
of trap. There can therefore remain no doubt that 
there are veins of serpentine, and that both serpentina 
and diallage rock thus bear the analogy to trap which 
I have here suggested. And the confirmation is ren- 
dered complete, by the further remark, that the 
neighbouring schists have been indurated, that the 
sandy marls have become jaspideous substances, as in 
the junction with trap and granite, and that both the 
diallage rock and serpentine are found in the foru) of 
veins and of nodules, mutually imbedded or traversing. 

With all these facts, (and more do not seem neces- 
sary,) the theory of Serpentine now becomes suffici- 
ently easy ; it being explained how it is stratified, uu- 
stratified, and venons, and how it occurs in both classes. 
There is no instance where a rock stratified from 
water, however subse(|ueutly changed by heat, forms 
veins, as, in fact, it could not, from the very nature of 
a vein. Serpentine is not, therefore, in every case, an 
aquatic stratum, nor can it be, in every one, a fluid 
intruding rock, like trap and granite. It is both ; 
thus leaving to geologists the choice of its place, as 1 
already said. When truly stratified, not in pseudo- 
8trata,as in Brongniart's case, it must be compared with 
gneiss, as im afjuatic stratum changed by heat, finding 
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its iinaloKV in the trap rocks which have been fused 



up 



in situ. When In masses involvctl in strata, that ana- 
logy is found in the similar h'mestones. And as the 
fluid intruding trap of veins is in no wise different froa» 
that fused in situ, so is explained the mineral identity 
of serpentine in these different casea ; while, of this 
conditionj its connexion with, and transitions into trap, 
leave as little doubt as does the truly venous form. 
And thus also is explained its claim on both classes^ 
and its decidedly indepLMident connexion with each ; 
being exactly what occurs in the porphyries. Had I 
ranked it with the unstratifted substances rather tlian 
.the stratified, I should be justified by the usage re- 
apectingtnip, possessing, when in situ, the same double 
claims. It is evident that the presence of calcareous 
veins is no objection to these views, as they arc of 
posterior and aqueous origin ; while it confirms tiiem to 
note, that the minerals which it contains, such as py- 
ropc, diailagc, and liornblende, are of igneous origin. 
The magnetic influence of Serpentine has been no- 
ticed by Humboldt, as if it was a rare and peculiar 
phenomenon. But it is not thus limited; being very 
conunon in trap, occurring also ingranite,and, as far as I 
have experienced, in almost every rock which coutain^ 
iron in a certain form and qnantity. In Unst, where 
theChromat abounds in the Serpentine, this influence 
is easily explained. If these disturbances of the needle, 
produced by the proximity of certain rocks, have been 
observed, few have examined the quantity of the effect, 
or the positions of the poles and planes of no action. 
Nor,exceptingSaus9Ure,haveGeoIogists remarked tliose 
deviations of the needle whicli arc produced by large 
masses acting at greater distances ; though they could 
scarcely be overlooked by any one, who, either from 
jiavigaiiug by the needle uear to laud, or iVoui hubil* 
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ngnetic investigation, has been acmstomcd to ob- 
serve the variable nature and tcnJrncy of this force. 
The experiments of Saussme ap])ear to have been for- 
gotten; as those of Captain Flinders secui to have been 
equally neglected. That the amount of this magnetic 
deviation is often very considerable, bnt extrcnicly va- 
rious, I have ascertained on the Western coast of Scot- 
land ; but it is a subject which, beyond this passing 
Tioticc, is not within the liiiiit of this work. 

Serpentine is a simple rock, essentially; though there 
arc varieties, of a coinponnd character, independently 
of the numerous ostensible ones resulting from the co- 
lours for which it is so noted. But, for all this, it is 
best, as nsual, to refer to that grammar of geology so 
often here quoted. There is little opportunity, from 
this country, to learn what features a territory derives 
from it, or what are the resulting soils. The cliffs of 
the Lizard are bold, broken, and picturesque, but the 
land is without any marked character; and the same is 
true in Unst and Fetlar. Of the soils of these tracts, 
it is ditlicult to give any general character. Yet every 
where in Shetland, except where limestone and ser- 
pentine exist, the rocks arc deeply covered with peat; 
while, if occasionally found on liuiestone, it never oc- 
curs on the Serpentine, though the neighbouring tracts 
of gneiss and the other schistose rocks, are covered 
with it. Still, that soil is not uniform ; since, while 
covered with verdure, in some places, it exhibits, fn 
others, an arid brown desert of earth and loose stones. 
The climate of Shctlaud does not permit us to know 
whether even that soil might not, under better skies, 
be adapted to cultivation : at the Lizard, the ser- 
pentine district is favourable to the growth of wheat. 
It must be added, that in this couutry, at least, Ser- 
peuline resists decomposition, no less than disinte^ra- 
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tion, in an eminent degree. The shiillowness 
soil marks the difficulty with which it is converted 
into earth; and the formidable cliffs and rugged points 
which it advances into the ocean, prove the efficacy 
with which it opposes the powers that demolish the 
neighbonring rocks and corrode the adjoining shores. 
The association of Chromat of Iron with Serpentine 
h a remarkable peculiarity in its mineral history ; but 
it has not hitherto been found a repository of other 
metallic veins. In the arts, it has been long known 
as an ornamental substance ; and the value arising 
from its beauty and variety, is enhanced by the facility 
with which it is wrought and polished. As a building 
stone, it deserves additional attention, from its strength 
and indestructibility; though nevur yet sought after for 
that purpose. Many varieties also resist the fire in a 
remarkable degree; a circumstance also which should 
render it a greater object of OBCOUomical attention than 
it ever yet has been. 
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There is one familiar character by which this rock is 
distinguished from all others, but there is none by 
which those of tfie pritniiry and secondary classes can 
be disciiininated, when removed from their affinities 
in nature. It has indeed been said that distinctions 
Blight be found iu their texture or composition, and in 
the presence or absence of organized bodies. But, 
out of a mass of facts by which this assertion is dis- 
proved, the following will suffice. 

Primary liniestoiic, lying under gneiss, in Sutherland, 
contains bituminous beds ; and the older limestones as- 
sociated with argillaceous schist, thence called transition 
rocks, contain organic fossils. Secondary limestones 
are so often deficient in these remains, that it is unne- 
cessary to name examples. Primary limestone is not 
necessarily crystalline, since it contains earthy and com- 
pact beds, in innumerable places. Secondary crystal- 
line limestone, on the other hand, occurs in the Isle of 
Mann, among earthy ones containing organic remains, 
suid also in Sky, where it is fref|nently of a snow white, 
and undistinguishuble from statuary marble. This im- 
portant observation in geological philosophy, originally 
made by myself, has since been confirmed in various 
parts of Europe. But, in reality, the fact is sufficiently 
common in other situations ; as crystalline limestone 
also occurs not unfrequeutly near the contact of trap. 
There is therefore no permanent or necessary mineral 
I distinction ; though, in particular instances, there are 
B often very strong ones : while these remarks will serve 
■ to warn the student against pronouncing on the pri- 
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iiiiiry or socondary njitnro of ;i r;iIcarpons rock, frnii 
detached specimen. 

It lias often t)efn agitated whether all limestones 
luid or luul not originated in organized substancolj 
'I'hut question Ims already been considered in the 
twellth chapter ; and it is jirobahle that many of the 
primary limestones have once contained organic re- 
niainii, like the secondary, even where these can no 
longer be detected. In Airdnamurehan, facta similar 
to those in Sky and Manu occnr luider .some variation; 
condiiferous strata being converted into crystalliiu? 
limestone or chert, according to their previons charac- 
ters, with the disappearance of their organic bodies, at 
the places where trap overlies or intersects them, and 
no where else. In these cases, therefore, the influence 
of trap, under different modes, has not only caused a 
secondary limestone to assume the crystalline texture, 
hut obliterated the forms of the beds, while the organic 
bodies have disappeared. The instance from the Isle 
of Mann, especially, seems to prove that they had been 
cotnbined with the mass of the rock by fusion ; and, 
that this is a process of fusion, is proved by the analo- 
gous effects })roduced on chalk by the passage of trap 
veins : while, thoughnolargemass of trap is found in the 
Isle of Mann, to account for the appearances, the nu- 
merous veins offer sulKcient evidence of former bodies 
of that rock which have been destroyed in the progress 
of time. The case of Airdnamurehan is peculiarly 
explicit. But it is here almost supcrflnons to repeat, 
that the influence of granite, of gneiss, or of other 
rocks which have l)cen under the action of heat, may 
have C(|nally caused the obliteration of the organic 
remains where they chanced to exist ; producing also 
the crystalline texture common in these limestones. 
And that this actually does occur, is proved by the 
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Ccarp in the Pyrenees, elsewhere noticed, where 
TUG suells become graduully oblitcruted, with the cor- 
responding actjuisition of a crystalHne texture in the 
rock, where it is in contact with granite. The bitu- 
minous strata in primary limestone, jnst noticed, may 
serve to confirm the same views ; since, it is unfjues- 
tioned, that in the secondary limestones, this character 
is derived from organic bodies. 

As limestone occurs in every situation, fi-om the 
most antient of the primary to the most recent of the 
secondary, and even of the teitiary strata, it must be 
considered the most universal rock in nature. At the 
same time, it presents fewer differences of character, if 
we except the adventitious imbedded bodies, than any 
other: a consequence arising from that comparative 
simplicity and chemical composition under which it 
has evaded that action of heat which has changed the 
characters of the other primary strata. 

Primary limestone occurs in this country in masses 
so small that they can give no character to a district ; 
and there is no reason to believe that it is more abun- 
dant in other parts of the world. This has indeed 
lipcn often asserted ; but, doubting the accuracy of 
that opinion, I must refer the student to the works in 
qnestion ; cautioning him to bear in mind, that no 
limestone can be deemed primary, from any thing 
short of a clear proof that it alternates with primary 
strata. 

In the larger, as in the smaller portions, Primary 
limestone is disposed in beds, like the rocks which it 
accompanies ; hut these are sometimes so obscure that 
their stratification can scarcely be traced : a conse- 
quence, probably, of the fusibility of this rock, and of 
the influence to which it has in these cases been sub- 
jected. In the only manner in which it is known iw 
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this, and prohubly in any country, in a regularly stra- 
tified disposition, it forms either a limited series of 
beds, alternating with one or more of the various 
strata, or else occurs in single ones of very small 
extent: while, in other cases, and more rarely, it coa^^^ 
sists of irregular nodules of different sizes, possessing" 
no marks of stratification. 

The larger collections of beds preserve the usual 
parallelism to the surrounding strata -, being some- i 
tiroes repeated in succession, at others, alternating 
with smaller or larger strata of the accompanying 
rocks. The smaller beds rarely continue for any con- 
siderable space; being extenuated till they vanish, 
after a short course ; while often consisting of little 
more than a single thin stratum, or of a few detached 
ones, alternating with the including roclc. In either 
case, they sometimes occupy a considerable space 
according to their breadth, without being far prolonged 
lengthwise ; thus forming irregular insulated tracts. 
Not unfrequently also they vanish and again appeal-, 
even at distances of many miles, with unaltered cha- 
racters, and accompanied by the same strata; as 
happens, remarkably, in that long range in which the 
limestone of (Hen Tilt is comprised. In these cases, 
when the angles of elevation are also high, they dis- 
play that character of far prolonged and narrow lines, 
to wliich the terra vein has, not unnaturally, been 
applied by the people. The nodules or masses whicli 
possess no marks of stratification, rarely attain a di- 
mension exceeding a few hundred yards; and this 
particular mode of disposition occurs most frequently 
in association with gneiss. 

Primary limestone accompanies every rock, and al- 
ternates with every member of the associated strata ; 
or does it appear, in this country, to be pcculii 
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attarhetl to any one of the wliole class. It is found in 
contact with granite in Cilcn I'ilt ; heing jDcnetrated, 



like the 



strata, bv its 



and 



acGompany 

senting consequent changes of character, like those 
which secondary limestone undergoes when penetrated 
hy trap voins. These consist in the loss of the strati- 
fied strncture, in the intermixture of the accompanying 
substances, and in a great increase of hardness, attended 
hy a change in the chemical composition. When 
found in gneiss, in the form of nodules, it is often also 
penetrated by the same granite veins which intersect 
that rock ; and, in these cases also, it undergoes cor- 
responding alterations of character. It is also not 
imusu ally found in gneiss, in the stratified forinj as 
■well as in quartz rock and in micaceous schist. When 
interstratified with the latter, or with schistose gneiss, 
it is sometimes so interlaminated with mica aa to have 
been mistaken for these substances by geologists of 
considerable experience. Rannoch, and Blair in Atholl 
contain very remarkable examples of these varieties. 
It is occasionally also found in contact with horn- 
blende and with actinolite schists ; and, in these cases, 
it becomes intermingled with those minerals, particu- 
larly at the planes of contact. It occurs frequently in 
argillaceous schist, and principally with the fine clay- 
slate; either forming masses of considerable extent, 
or accidental laminae. In these examples also, it is 
often so minutely interlaminated with that rock as 
only to he diNtingoished on the cross fracture ; the 
laminar one discovering the schist alone with which it 
is interleaved. It has elsewhere been shown to ac- 
company chlorite schist in the chlorite series. 

From this enumeration it follows, that instead of 
occupying any determined place in the order of nature, 
it is perhaps the most irregular of the whole in its 
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associations; appearing to be peculiarly attached to 
no rock, whereas there is a predominant, though not 
a constant, affinity and order, among many others of 
the primary strata. 

It is almost unnecessary to say, that it presents 
many varieties of texture, from the large crystalline to 
the most minnte saccharine grain, and from a smooth 
and flat conchoidal fracture, to one of an earthy and 
dull aspect. It often differs from the secondary, in 
containing various imbedded minerals ; though not so 
often as to form a sure ground of distinction. These 
will be found enumerated in the Classification of Rocks: 
while their existence proves, demonstrably, that the 
strata in question have been fused ; giving occasion 
as in micaceous schist, to the crystallization of similar 
igneous minerals. Its well-known chemical properties 
render a definition superfluous: but the student must 
recollect, that the indurated kinds do not readily ef- 
fervesce unless previously powdered. 

If it is superfluous to mention its oeconomical uses, 
yet, as it often contains alternating laminae of other 
rocks, so as not to burn readily into lime, it is often 
neglected, even when fit for all the purposes of ma- 
sonry or agriculture. Being a limited rock, it is 
not very productive of metallic veins ; but it is 
said that lead, manganese, silver, zinc, and gold, 
have been found in it. How widely it is used as marble, 
I need not say; while its ortvitnental varieties are 
amply recorded. 
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CHAP. XXXIV. 

Lowest, or Old Red, Sandstone. 

It is difficult to discover the exact niitures of tbc rod 
sandstones described hy authors, untl toiiseciuently, to 
adopt their observations, so as to ilhistrate tlie history 
of tliis rock as it occurs in onr own country. The. 
two distinctions relied on for diseriniinatiiig it, are its 
colour, and its position towards the primury ; bring 
the first of the secondary strata, and immediately in 
contact with these. Hence it has been called the old 
red sandstone. But as I have shown that there is a 
primary red sandstone, the descriptions of authors 
have possibly been sometimes derived from it instead 
of from this rock. And as the red marl has been 
actually confouiidod with the present, the sources of 
tonfu.sion respecting its characters and connexions are 
obvious. 

The mere fact of contact with the primary strata, is 
not an inftdliblc criterion by which to distinguish tbc 
lowest secondary one, as I have formerly shown. 
Therefore, althongli the red marl occupies a position 
distant from this in the order of succession, it may 
come into contact with these, and thus be confounded 
with the present deposit, as it has been hy Werner 
and his followers. Nor is the red colour an invariable 
characteristic of this rock ; since it is occasionally grey, 
and also white, even in one bed ; proving, that this 
does not form a geological distinction. Hence the 
geologist must not conclude that every red sandstone 
in contact with the primary rocks, belongs to this one; 
while, as the different strata in nature are rather ana- 
logous than identical, serious ditferenccs may exist in 
the constitution of tliis deposit in diifcreut cowwmts.. 
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even where the geological analogies are unques- 
tionable. It is therefore his duty to study these difle- 
reiices, without allowing himself to he misled by hy- 
pothetical identities. Time will thus produce a more 
perfect history of this rock ; while I can now only 
describe its characters as they have fallen nnder my 
own inspection. To borrow from other observations, 
would but incur the risk of confirming the present 
confusion ; while an apparent path is often willingly 
trod till it is beaten, even where it misleads. 

If it is not tJvvays possible to distinguish these 
three red sandstones, except by careful geological in- 
vestigations, since the mineral distiuctions give but 
limited assistance, the alternation of the primary sand- 
stone with gneiss or other primary strata, is an infal- 
lible geological criterion for that rock. With respect 
to the red marl, the presence of salt is equally infallible; 
as that of gypsum is a good test, if not absolute. Its 
superiority to the coal series is another^ as is its imme- 
diate inferiority to the Lias limestone. Although the 
old red sandstone is sometimes sufficiently distinct 
from this in mineral characters, it is not always so ; 
and I do not therefore offer it to the student, to whom 
the more infallible test of its geological connexions is 
recommended. 

Th^; sandstone under review appears to he one of 
the most generally diffused rocks in nature ; and may 
thus be considered, like gneiss, among the deposits 
commonly called universal. Occupying extensive 
spaces, it also forms masses of considerable thickness, 
producing mountains of conspicuous elevation. Foula, 
in Shetland, attains to the height of 1400 or 1500 feet ; 
Kea clocb in Rossshireto nearly 4000. It is so uncertain, 
however, whether many of the foreign examples belong 
to this or to the red marl, that I dare not (piote then 
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for the purpose of illustrating its general features. 
Such mountains rarely present a rugged outline, and 
seldom display the naked rock, except in their torrents 
and sea cliffs ; as iu those of Shetland, Orkney, and 
Caithness. Such is its general facility of decomposi- 
tion, that the inclined surfaces soon become covered 
with rubbish, and, finally, with vegetation; while the 
cliffs and ravines, from tlieir perpendicular nature and 
the frequently low angles of the strata, long preserve 
ibcir original forms, so as to produce a well-known 
peculiarity of character. 

An exception however occurs in the case of the 
conglomerate beds, which, from being of a harder tex- 
ture than the finer sandstone, often remain after the 
softer parts have mouldered away; sometimes present- 
ing insulated masses with vertical faces, or rising into 
the more fantastic shapes of pinnacles and towers ; as, 
very notedly, in Montserrat. On Kea cloch, the finer 
sandstone also produces a serrated outline, resembling 
that of granite, from the same cause. The softer kinds 
are often deeply covered by alluvia, displaying the 
gradual progress of decomposition, from the solid rock 
to the loose red clay ; while ihe rock often disappears 
entirely, as in Arran and Canty re ; the depth and 
colour of the soil alone remaining to mark its former 
situation. 

The soil which covers the red sandstone is extremely 
variable ; from the various proportions of clay, and 
sometimes of calcareous earth, which enter into it, or 
from the presence of argillaceous and marly beds. In 
the central districts of Scotland, there is often an ad- 
ventitious soil upon it, the produce of former masses 
of Trap ; and hence is explained the diversity of as- 
pert which these districts present, from the most fertile 
to the most worthless. In Shetland, where this sand- 
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Stone is as compact and pnre as quartz rock, the !: 
is often as barren as npon this worst of all subsoils. 

The position of the strata presents every possible 
variety ; being nearly horizontal in Orkney, in Caith- 
ness, and in many parts of the middle and southern 
districts of Scotland ; while, in other places, it occu- 
pies every angle between the horizontal and the ver- 
tical, as may be seen on the southern boundary of the 
Highlands, in Invernessshire, and in Shetland. In 
Arran, the beds are bent into convex forms or more 
complicated curves; while examples of simple curva- 
tures, or of more extensive undulations, occur in nu- 
merous other places. The tendency of the dip is ex- 
tremely uncertain ; respecting, in some place or other, 
every point of the compass ; while the general north- 
easterly direction of the primary strata of Scotlaudj 
ceases to be traced in this one. 

Though an unconformable position to the primary 
strata has often been held a necessary character of 
the secondary, this rock is conformable to the conter- 
minous ones, at many points on the southern boundary 
of the Highlands and in Arrau. The examples of re- 
verse position are too numerous to require specifica- 
tion. There is indeed no reason why it should not 
lie in every possible position with respect to these ; us 
formerly indicated, whi n treating of this subject. In 
Shetland and other places, there occur instructive ex 
amples of the mode of jnuction between the superln- 
cninltent sandstone and the primary rocks ; the cavi- 
ties In the irregular surfaces of tlie inferior set being 
filled with a conglomerate, without marks of stratifi- 
cation, and resembling ail accidental heap of rubbish, 
which, as it proceeds upwards, gradually assumes the 
stratified character ; till a regular series of strata is 
the result ; while tlu-y become iinconl'ormable lo 
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primary ones in some platTS, and conformable in 
others ; as the vaj yini;; positions of these deterniixie 
those two rehitioiis. 

In its depth, this roek presents an infinite variety ; 
the mass of strata being either originally thin, or else 
attenuated in some places, till it disappears, while in 
Others, it auiounta to many hundred yards in thiekness. 
This attenuation might be presumed from general 
experience and principles, were there no evidence of 
it; since the persistence of strata is imaginary, and 
all have their limits; disappearing in their lateral pro- 
gress, sometimes not to recur again for a considerable 
space. 

If examples of these variations are required, Loch 
Greinord presents a case where this sandstone nearly 
disappears betv\ei>n the gneiss and the superincumbent 
strata; as instances of the reverse are seen in Arran, 
Caithness, Shetland, llosssliire, &.C., where they range 
from sonjc hundreds to three thousand feet, or more, 
in thickness. The dimensions of ttie individual strata 
arc also various ; the conglomerate beds being com- 
uiunly the thickest, as the tine ones are the revenie ; 
though the former are sometimes divided into distinct 
strata by finer sandstones. When not thus separated, 
as is most eonjniou, they often attain the depth of a 
hundred feet or upwards, without a division ; while 
the fine sandstones vary from a few yards to as many 
feet, and even to less tlian an inch in thickness ; when 
they conseipiently assume a schistose character. In 
these cases, the divisions of the bed'* sontetimes result 
from a change of texture or coUiposition, at others, 
from the intervention of mica, or clays of ditlereut 
characters, or shales, or argillo-calcareous compounds. 

Viewing this sandstone as a single geological de- 
posit, or group, extending from the primary strata to 
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the mouDtiiin limestone, it includes other substanci 
inferior in f|uantity, and irregular in their recurrence 
The chief of these are argillaceous schists, though 
considered as shales under the adopted classification. 
These are sometimes undistinguishable from the pri- 
mary graywacke schists, when separated from their 
connexions, while, at others, they are mixed with the 
ordinary materials of the sandstone, so as to present 
transitions into it. In other cases again, they are as 
fine and compact as the primary slates ; occasionally 
resembling even the green cbloritic varieties. Lastly, 
beds resembling the ordinary shales of the upper 
strata, occur also in this deposit ; being simply argil- 
laceous, or argillo-calcareous, or so charged with iron 
as to be red or yellow, and thus finally passing into 
argillaceous ironstone. Beds of limestone are some- 
times also contained in the red sandstone, though sel- 
dom extensive, and rather forming irregular masses or 
limited strata than continuous alternations. At times, 
they are mixed with the fragments of the surrounding 
conglomerate, at others divided by lamiiix of shale, 
and contaminated with clay, siliceous matter, and 
oxydes of iron ; occasionally also containing organic 
remains. Coal also occurs in it, as elsewhere noticed, 
though rarely, and seldom in any quantity ; yfet so as 
to be occasionally wrought in a limited manner i 
Scotland. But In reading such reports, let the geo- 
logist not forget how often the red marl has been con- 
founded with it. 

I must now point it out as a general fact in my ex- 
perience, and, as I hope to show, an important one, 
that wherever thiij sa^^jtone is highly indurated, its 
shales, whether fine or coarse, are identical with the 
primary schists, and that the argillaceous beds among 
the softer ones resemble the shales and clays of the 
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ipper sandstones. And it is a connected fact, leading 
to a similar inference, that the ind united lieds occur in 
"the vicinity of the primary rocks, and more particu- 
larly in that of gneiss or the other older strata, as the 
less compact ones are found in the reverse situations- 
And of all these argillaceous beds I must remark, that 
they are commonly so inferior in quantity to the sand- 
stone that they may be called subordinate, though 
Orkney produces a notable exception. 

The frequent confusion produced respecting this 
sandstone, by the adoption of the term Hed, obliges 
mc to notice what I have seldom done respecting rocks. 
It occurs of all hues, from nearly perfect white to dark 
grey, and also of yellov*rish tints, independently of its 
various tones of red; while it is further often mottled 
and spotted with red and white, so as to have been 
thence mistaken for the red marl sandstone, by those 
to whom the term variegated constituted knowledge. 
Thus have many of these, especially when incompact, 
and when occupying large tjacts, as they often do, 
been mistaken for other and superior sandstones; as 
bave the hard kinds, lying near the primary strata, for 
cjnartz rock, from which, in detached specimens, they 
are in reality undistinguishable. I may also repeat, 
that the hard and grey varieties sometimes become 
yellow and tender, even to a great depth and extent, 
by a decomposition in situ, as in Orkney, so as to have 
led to similar false inferences. Let the geologist ever 
remember that it is his business to trace geological 
connexions before be determines geological characters. 

The last circumstance in the history of this sand- 
stone, relates to the rocks with which it is cotitermi- 
nous, and is necessarily dependent on the number of 
members in the inl'erior series, and on the order in 
which these are placed. The contact with course, or 
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graywacke schist is too common to render any exam- 
ples necessary ; as that with the finer schists must 
needs be so, where these are intermixed, while occur- 
ring also where fine clay-slate occupies large indepen- 
dent tracts, as near Oban and elsewhere. It succeeds 
micaceous schist, necessarily, on the southern border 
of the Highlands, because this rock is often, here, the 
last of the primary series ; while this remark includes 
the associated chlorite and talcose schists. But I must 
observe, that at this contact, in some places, the mica- 
ceous schist passes by an apparently regular gradation 
into the sandstone, through a conglomerate, formed of 
its fragments and becoming gradually red; while the 
conformability of the two rocks in some places, has 
led incorrect observers to say that there was no dis- 
tinction between the primary and secondary classes. It . 
reposes on gneiss very widely in Scotland; and here 
also the union is often such, that an actual transition 
between the two rocks has been imagined by similar 
observers. A more interesting case of its connexion 
is that with granite, conspicnonsly displayed, among 
other places, near the Ord of Caithness. And it is 
worthy of notice, that at the junction in this place, it 
is often difficult to distinguish between the two; so 
perfect is the union, and so nearly alike are the mine- 
ral characters. The ingredients of the sandstone, at 
the contact, consisting of granitic fragments, are so 
compacted, and in some places, so blended with the 
granite, that a common eye might easily confound them, 
and a hypothetical geologist consider this a true gra- 
dation between these rocks; especially as the lowest 
strata of shale ^"d^|ii^4tone <dso, are so united with 
the granite as to give tro^llacious appearance of con- 
tinuity. If I have not hitherto observed the sequences 
of this sandstone to <)uartz rock, it must be from want 
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of opportunity; since the alternations of this rock with 
gneiss and miciiceous acliist render that a nuitter of 
coarse, should it occur in such a place. And if also I 
have seen no instances of its junction with primary 
limestone, the rarity of this rock ei[nally explains an 
exception which can be only apparent. 

The strata which succeed to the red sandstone must 
needs be various; from the diH'ercnt successions of 
those in different countries, from their variations in 
number and (putlity, and from that extenuation thronijh 
which, even in a considerable series, iSie upper some- 
times repose on the boundaries of tlie containing ca- 
vity. Yet as the " mountain limestone" is conspicu- 
ously the next stratum in Ent^^land, while sufficiently 
constant in Scotland, and as an analogous one is simi- 
larly found on tlie continent, this must be esteemed 
the natural succession. Yet that any superior beds 
may follow it, to the exclusion of this limestone, and 
more, is evidenced in Scotland,where,in different places, 
it is succeeded by the coal strata, by the red marl, by 
the lias and oolithe, and by the green sand deposit. 

As this sandstone is composed of the fragments of 
previous rocks, every antecedent substance is foniid to 
aid in its formation; including, with granite and the 
primary strata, the trap rocks of a more antient date : 
while I need only add that as the conglomerate and 
coarser beds contain fras:inents of rocks, and the more 
conspicuous minerals of these, quartz and felspar, so 
the finer are the produce of sand or of sand and clay, 
with, more rarely, njica and calcareous matter. All 
these substances however arc not every where con- 
tained in this rock ; which, on the contrary, in different 
places, presents great diversiLics of composition. These 
variations are matters of interest, independently of the 
merely mineral differences; since ihey are connecli'd 
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with the history of its geological origin. As far as it 
is safe to generalize from a few facts, the mimher and 
species of the ingredients depend on those of the near- 
est primary rocks; though this rule is attended by 
many exceptions. Yet the places where it does hold 
goodj justify the inference, that in these at least, the 
materials have not nndergoue any very distant trans- 
portation. That they have sometimes experienced 
this, is unquestionable; as is proved by a composition 
less coincident with that which misrht tlnis I)c inferred, 
and by the form of the materials. Organic remains 
are rare in this sandstone ; bnt terchratula,', niadrepo 
rites, trochites, and others liave been observed, as for 
merly mentioned. 

Thcrc arc two modifications of the form of the ma? 
tcrials, where of a certain size; being either angnlar, 
or rounded, and these marking respectively, the quan- 
tity of motion they liave undergone before their con- 
solidation. The rounded form docs not, however, by 
itself, imply a distant transportation, as the long con- 
tinued action of water will answer all the requisite con- 
ditions. Examples of this occur near Oban ; where 
this form is united to a peculiarity of composition 
marking an origin from rocks Jit no great distance. 
Occasionally the size of the fragments is such as to 
amount to three or four tons in weight; but, more 
commonly, they do not exceed a few pounds, descend- 
ing to the finest sand, which is indeed the predomi- 
nant form of the fragments; as the fine sandstones far 
exceed the conglomerates, thus giving a name to tlic 
whole. 1 need scarcely say, that fragments of all sizes 
occur in the same rock, and that a portion of fine sand 
is essential to the structure of every variety. As to the 
relative pofsition of the finer and coarser strata in any 
given deposit, there is no absolute rule, though it is far 
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t common for the conglomcriite to l>c the lowest: 
being sometimes however iippermost, while they also 
occasionally alternate, throngh a whole deposit, and 
furthej", sometimes oceiipy different parts of the same 
bed, which thus undergoes a lateral change of texture. 
Single fragments of large size occasionally also intrude; 
and the presence of rounded masses docs not exclude 
that of angular ones, as the two sometimes occur to- 
gether. In the cooglomeratea as in the sandstones, 
the induration is so various that the fragments seem 
at times to he barely in contact: whence the mass is 
easily disintegrated by a slight force, or by the wea- 
ther; while, at others, they are cemented by indurated 
clay, sometimes with calcareous carboiiat, or by crys- 
talline quartz, so as to present every degree of indu- 
ration : often emulating that of quartz rock, when fine, 
and of granite, when coarse; and also presenting, in 
the former wise, similar com pact, uniform, and splin- 
tery fractures. And, respecting the structure, I must 
also observe, that a cuboidal or analogous division of 
the strata often confers on this sandstone the phy- 
siognomy of granite, when the angles have been 
rounded by exposure to the weather. 

If the theory of this deposit, so important in the 
philosophy of geology, ought now to be apparent, it 
requires a few additional words; since geologists liavc 
mistaken more than one essential point respecting it. 
That it has often been a deposit beneath water, 
formed in the same manner as the later sandstones, 
is obvious; but the facts will not allow me to admit 
that every example, or all the parts of any one, have 
been produced in this simple and gradual manner. The 
enormous masses of the conglomerates, with their pe- 
culiar internal characters, their uncertain and often 
singular positions, their repetitions, and other circmu- 
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stances which I hope I need not now dwell on, to a 
reader who has mastered the principles and the facts 
of this book, inilicate tumultuary depositions, as well 
as gradual ones, and even repetitions of those, dopcn- 
denl pr(d)ahly on torrents resulting from antient di 
phieemcnls of the strata. And it is also quite co 
eeival)le that tcrrrstiial alhivia should have been con- 
solidated intd 8iieh rocks on the surface of the land of 
those periods; affording a further explanation of the 
peculiar forms of many of the conglomerate depositi^| 
and of the absence of stratification in them. ^" 

iVnd if such terrestrial consolidation might occur 
from water and repose, so might it also from the ac~ 
tion of heat, of which there is abundant evidence from 
the facts already stated; constituting another important 
feature in its theory. These are, its iniion, amounting 
to nearly fusion, with granite, gneiss, and micaceous 
schist: to which may be added that peculiar compact- 
ness in itself and in its shales, which occurs in the vi- 
cinity of these rocks, disappearing in the more remote 
and generally finer strata. Thus, like gneiss and mi- 
caceous schist, it has suffered the influence of heat 
when near rocks which are proved to have undergone 
this; as, in other places and portions, it is a merely J 
afjueous rock, like the later sandstones. And thus are 
dismissed, or reconciled, if the reader prefers this term, 
the rival hypotheses of the ultra-ignenns and ultra- 
aqucons sectaries. I trust that I need not now bring 
this view nn'nutely to bear on the antient condition 
and changes of the primary strata, nor on the relations 
which it possesses to organic fossils. A system of 
philosophy which trusts nothing to the reasoning of 
its readers, will not make many philosophers. 
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Upper Sandstones. 

The peculiarity and importance of the preceding sand- 
stone induced me to give it a separate place ; but in 
this division arc included all the otiiera, which follow, 
of whatever character, or however technically or locally 
distinguished. It is impossible to discriminate them 
all as rocks, whatever may be their geological posi- 
tions or associations: while such an attempt would 
lead to wearisome repetitions ; since even the recorded 
Jpposits consist of a very limited number of material Sj 
disposed in a simitar manner. Even those which are 
niost interesting, from their geological associations or 
from their uses in the arts, possess no distinctions as 
mineral compounds, or are distinguished by characters 
too vague to be described in words. 

An attempt moreover to describe accurately the 
several geological connexions in which the rocks of 
lliis division exist, would lead to geological histories 
of the whole series of the secondary strata in every 
part of the world ; a subject which, were it even under- 
stood, would be beyond the limits of this work. They 
occur through the whole range, from the lowest red 
sandstone upwards; and, under these several situations, 
'»ot often presenting any very decided differences of 
'luiracter. Their cliief distinctions arc indeed derived 
from the peculiar gronps or associations in which they 
"fp found in some particular country; constituting 
'liose dift'erent series which have been distinguished 
'jy the Xerm formations. These groups appear to have 
'H-'cn investigated, in England, and generally perhaps 
"1 Kuropc, with considerable accuracy: bnl it remains 
'I'tublful whether some of these asiociatiouR iwe wC4\ 
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local ; nor have we a sufficient number of analogous 
accurate observations from other parts of the world, 
to justify any more extensive generalization. 

All that I can here pretend to do>is to give a gene- 
ral account of those deposits which seem most uui-; 
rform and extended, and which, from possessing certaii 
marked characters where they occur, have obtained 
particuhir names. Those which belong to none of 
these groups or deposits, nmst imavoidably be neg- 
lected, as suited only to the topographical descriptions 
of countries or tracts ; and it will be here sufficient 
to remark, that they are found, not only in every part 
of the secondary series, as inferior or subordinate mem- 
bers of calcareous deposits, or as casual substances 
among anomalous strata of clay, shale, and marl, but 
among the tertiary also. The general theory of sucI^h 
deposits has already been explained. ^M 

After the old red sandstone, the first important one 
is that which forms so large a portion of the coal 
series, and the next is the red marl of England, suc- 
ceeding to the magnesian limestone. On the Conti- 
nent, the quadcrsandstcin appears also to claim a rank 
here, being separated from the red marl by the nius- 
chelkalk ; and lastly comes the green sand, immedi- 
ately inferior to the chalk, and above the oolithe lime- 
stones. If the ferruginous sand of England is to be 
distinguished from this, it must be added to the list, 
as intermediate between the latter and the oolithes. 

The sandstones of the coal strata often extend to 
an enormous thickness, both in the total mass and in 
the individual beds. They are the proper repositories 
of the coal beds with which they alternate, while they 
also are interstratificd with limestone, and with shales 
and clays, sometimes containing nodules and beds of 
ironstone. They are occasionally of a coarse or cou- 
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glomerate structure in the lower beds, thus forming 
the " millstone grit" of England, but the more pre- 
vailing textures arc fine. They arc often exceedingly 
pure and wliite, ottering the most beautiful of building 
materials, yet varying much in compactness ; while, in 
other cases, they are argillaceous, calcareous, or ferru- 
ginous, presenting corresponding diversities of appear- 
ance, with many ditferent colours, though red tints are 
comparatively rare. When impregnated with bitu- 
minous or carbonaceous matters, they are sometimes 
black, and they often contain fragments of charcoal 
or lignite. The very few organic remains found in 
this series belong almost exclusively to fresh water or 
to the land ; and the most remarkable are the vege- 
table fragments, particuhirly noticed under the history 
of coal, as the geological relations and characters of 
this sandstone are necessarily also noticed in the same 
chapter. 

The next deposit is the Red marl, or the variegated 
sandstone of foreign writers, also called the New red 
sandstone, to distinguish it from that described in the 
former chapter ; while I suppress other synonyms, 
connected with disputes now useless. This most im- 
portant deposit claims a far higher rank than the pre- 
ceding, which, as far as we yet know, is comparatively 
limited. It follows immediately on the magncsian 
limestone, and, in England, is succeeded by the lias 
and oolithe, though, on the continent, there are inter- 
posed tlic inuschclkalk and the (|uadersand3tein. 

As a scries, it presents a complication resembling 
that of all the arenaceous and calcareous deposits; 
including limestones, clays, miftrls, and shales. The 
^Jeds are sometimes of a conglomerate structure, at 
"thers a fine sandstone, and occasionally schistose ; 
and, in composition, the rock is calcareous, argillaceous, 
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or forrngiiious, or all together, presenting endless va- 
riations of aspect and colour. If red hues prevail, it 
is sometimes also lirown, yellowish, grey, greenish, 
and even white ; and is often singularly striped and 
spotted with different colours, whenee its name of varie- 
gated. We must be cautious, however, of deciding on 
the geological position of a sandstone fioni this circum- 
stance, as has lieen ol'tcn done ; since I have shown 
that it occurs in tliR " old" red sandstone also. Further, 
it contains fetid and oolitliic, as well as common lime- 
stones, in some places ; though the minuter details must 
he sought in the numerous works of authors. 

But that which especially distinguishes this deposit 
from all the secondary sandstones, is the presence of 
rock salt. If not thus absolutely limited, gypsum 
also occurs in it, so as to become another characteristic. 
Bnt it is the proper, or even exclusive repository of 
salt, although that mineral occasionally passes beyond 
the rigid boundaries, on both sides, so as to appear in 
the magnesian limestone below it, and in the lias above; h 
as noticed in the chapter on that substance. H 

With respect to its organic remains, their presence 
has sometimes been denied ; hut there seems no <louht 
of the fact as to the foreign ex.miples. On the con- 
tinent, there have been found remains of laccrta? and 
fishes, with gryphites, ammonites, and belemnites; 
while the vegetable fossils are said to amount to twenty 
or more, comprising equisetnms and ferns, like the 
coal-strata, with some coniferons and liliaceous plants, 
as well as fuci in the lower portions ; if indeed some 
or all of these do not rather belong to the strata in^| 
contact, with whidi it has been confounded, or to 
fresh water formations not sufficiently distinguished 
from it. In ICngland, it has been said that no organic 
remains occur in the proper red marl. 
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next most important circumi^tance relating to 
this seriiis, is its universality, or rather, its great ex- 
tent; as formerly noticed in the chapter on the Revo- 
lutions of the Globe. Added to this, is the general 
or frequent nnconforinabie position \vhi;;h, jointly 
with the magnesian liinestoiie, it holds to the se- 
condary roeks beneath. The interest thus eonnected 
with its localities is eonsiderahle ; and it is not a little 
remarkable that it is the only one of the secondary 
strata which has been traced with nnquestio'nable cha- 
racters in all fpiarters of the Avorld. The marked 
nature of that character, in being the repository of the 
two mineral substances above-named, have indeed given 
it an advantage in this respect, which has not yet occur- 
red in any other deposit. It is a means of identification 
afforded by nothing else : while the limitation and the 
peculiarity both, bespeak some universal, or very wide 
condition of the Earth's surface at the period of its 
deposition, to which we as yet know of no parallel 
unable as we may be to conjeclure its nature. 

Not to detail localities more minutely than a work 
of this nature well admits, it abounds in England, as 
also in France, Switzerland, Germany, Poland, Spain, 
and Italy, being, indeed, generally extended over the 
-European continent. It is a remarkable fact, however, 
if true, that, in the former countries, it contains no 
salt to the south of the Alps. If we proceed into 
Asia, it is found, extending, from Riga, to the Ural 
chain, aboumling between the Ural river and the 
Wolga, reaching to the Caspian, and thence spreading 

far and wide into all the neighbouring countries ; 

being found in Asia Minor, as well as in Persia, Tai- 

tary, India, and China. 
This stratum abounds, indeed, all over Asia ; and 

lie who desires to trace its extent, may apparently do 
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it with safety, by examining the sandy deserts on s 
map; since, wherever these have been described by| 
travellers, it is invariably found that salt occurs in 
them. There seems no reason to douljt that all the 
sandy deserts of the world belong to this stratum ; 
and hence the salt pools and the brackish water that 
make so conspicuous a figure in the narrations of tra- 
vellers. I may name, out of many, the salt range of 
hills crossing the Indus at Karrabah, and extending 
to Jellapoor, the desert of salt between Taheran and 
Ispahan, that which extends from the Heirmund river 
in Seistan to the range which divides that province from 
lower Mekran, of four hundred miles in length, and 
another, of equal dimensions, which reaches from 
Koom and Kashan, to the provinces of Mazandarau 
and Khorasan. Bnt the most singular tract of it, 
hitherto undescribed, is found occupying the shores off 
the Persian Gulf in the neighbourhood of Ormuz, not 
less remarkable for its immense thickness, than for its 
configuration and colour. It is presumed to be this 
deposit, from the gypsum and salt which it contains, 
and from its connexion with the sandy and salt deserts |A 
while the visible depth in the vertical cliffs exceeds 
four thousand feet, and the beds are divided into co- 
lumns grouped into castellated and architectural forms, 
Ithe whole mass being of a pure white colour, and the 
general effects singularly magnificent and picturesque. 
The accounts of all travellers decide its presence in 
Africa, where gypsum and salt both abound ; and here 
also we shall probably form a correct conclusion, in 
considering the sandy deserts of this quarter of the 
world as appertaining to the same rock. If America 
has been yet but partially explored, the existence of 
the same rock is ascertained in the territories of Hnd- 
•on'8 Bay, and ia the great plain of the Mississipi, 
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extending thence into Louisianii and Mexico. Thus 
also it innst occur near the Oroouoko ; since the red 
colour of the Rio del Norte and the Rio Colorado, 
together with the salt of the plains through which 
they flow, bespeaks its presence. When Ulloa men- 
tions the existence of salt at an elevation of ten thou- 
sand feet in Peru, we may, also conclude that it is pre- 
sent there. Lastly, it has been observed in various 
places in New Holland. 

Though the Quadersandstein is unknown in Eng- 
land, it is too important an object in the estimation of 
the Continent, not to deserve a place here. This mass 
of beds is separated from the red marl by a lime- 
stone, the muschelkalk, not admitted into the English 
series, and it is consequently followed by the lias. 
Yet there are continental geologists who affirm that 
its essential place is between the lias and the oolithe, 
and that the beds occurring beneath the former lime- 
stone are comparatively unimportant. If, again, a 
qiiadersandstein occurs above the oolithe, we must 
suffer Germany and England to settle whether there 
sball be two quadersandsteins, or whether the superior 
one shall be called a modification in the greensand. In 
ull this I can sec only disputes about terms; as I regret 
to see Geology tUus occupied. A sandstone with the 
distinctive characters of this German one may occur in 
any part of the series ; and why must I ever repeat, 
that unless all the strata of the earth had been show- 
ered down from tlie clouds, they could not have pos- 
sessed these fancied correspondences in distant coun- 
tries? La Place determines that the ring of Saturn 
niust rotate with a given velocity, or that it could not 
exist. Mathematicians would believe in this rotation 
Aongh they had never scon it ; but had they philoso- 
pnixed as geologists do, they would have been content 
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to believe this ring at rest, because they did not seek 
after the causes of its figure, or else, even when these 
■were assigned, have uiaiutained that it was so. Do the 
latter profess their contempt of the rules of phi1oso-fl 
phizing, or do they confess their ignorance of those 
rules ? The dilemma is before them, to choose. 

Be this as it may, the lowest sandstone of this name 
reposes on the musehelkalk in many places, as at 
Helnistadt, near Schweinfurt, &c. and when this i 
absent, as it is to the nortli of the Ilartx, it is found 
in contact with the red marl. In Bohemia it lies on 
the coal series. As we cannot refuse our assent to 
facts so detailed and so precise as those which relate to 
this sandstone, it adds confirmation to the opinion 
that the deposits of secondary strata arc analagous 
rather than identical, and have been produced under 
different circumstances, in different original cavities or 
seas. ^ 

The Qnadersandstein is described as generally fine, 
and as whitish, yellow, brown, and reddish, consisting 
of rounded (]uartz with occasional mica, and with an 
argillaceous or argillo-ferruginous cement; sometimes 
also containing calcareous crystals and veins of c|uartz. 
It is occasionally decomposed into extensive tracts of 
sand, as in Bohemia; and it contains few "subordi- 
nate" beds; these being conglomerates of quartz 
pebbles, or marls, or argillaceous strata, including 
fragments of plants in the form of lignites ; as it is 
sometimes also coloured grey by their fragments and 
fibres. The plants iu cjucstion are thought to differ 
from those of the coal series, from which this rock 
difft-rs so materially in age and position ; yet to bear 
an affinity to palms, and to the lycopodiolithes of 
Sclilottcini, comprising also caipolilhes. The fossil 
shells are pecliues, turbines, teicbratulue, gryphites. 
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beleinnites, pinnites, find others. It is plaiti that the 
(leacripliou given of the rock, or the scries itselt", inij^ht 
be that of any sandstone; but it is osteeincd to he one 
of its distinguishing features, that it bre.ikg and wears 
into singular squared forms ; producing wallj* and 
spires and ridges, as between Bhinkenberg and Ilal- 
bcrstadt, along the Elbe, at Goslar, and in other jilaces. 
Though uncertain whether the Ferruginous sand will 
remain a separate deposit hi the opinions of gelogists, 
I may describe its characters in England, [fit occurs 
on the continent, most obseivers there include it with 
the green sand. It succeeda to the ooliibe limestone, 
and though partial, presents, in some places, beds of 
considerable thickness. It consists of saud and sand- 
stone, commonly very ferruginous, and therefore ge- 
nerally brown, or yellow. Conglomerate beds occur 
in it, together with clay, marl, and fnllers' earth. It 
sometimes contains hematite and ochre, wittj lignites of 
various character, and traces of ferns and other vege- 
table remains, which have deceived coal surveyors into 
the expectation of the true coal series. The fossil 
shells appear to be rare, but include nautilites, ammo- 
nites, belenmites, osirea?, terebnituliEj and echini, with 
sponges and coratUnes. 

The Green sand, which is the last and uppermost of 
the sandstones, lying immediately beneath the chalk, 
is a much more important deposit, since it occurs in 
abundance on the Continent of Europe, as well as in 
England ; as also in France, in the Alps of Switzer- 
land, in Savoy, in Germany, and elsewhere ; often 
forming masses of great depth, as it does even in 
Scotland, where these upper strata are so rare. This 
also consists both of loose sand and of sandstone ; and 
though the sand is siliceous, the ccnjcnt is generally 
Calcareous, while the calcareous matter also, sometimes 
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ueariT excludes tne quartz, producing Jiraestones. 
green colourJni; nicitter consists of small grains, some- 
times extending to the chalk above, producing the 
chloritic chalk of the contincrtj and also to the slrata 
beneatli. It also contains micaj with beds of chert 
and veins of chalcedony, cherty flints, and beds of marl 
and of clay. Like all the other sandstones, it is occa- 
sionally a conglomerate. Though the characteristic 
colour is an obscure green, it is sometimes whitish, 
grey, yello^vish, or I)rown. Crystals of quartz, and of 
calcareous spar, with pyrites and sulphate of barytes, 
also occur in it, with rare lignites and silicified wood. 

The organic animal remains are very numerous. In 
the number of its alcyonia it approaches to the chalk, 
and it contains also many echini, with a few remains of 
corallines and encrinites, and of fishes' teeth. For these 
and its numerous shells, I shall however refer to the 
authors so well known. 

On the sandstones which occur above the chalk, oi^ 
in the tertiary formations, I need make no further re- 
marks than those formerly given in the chapter on 
that subject j referring to the authors who have de- 
scribed these, for details not here admissible. 
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Secondary Limestones. 

It was already reinarkcd, that while these limostoni's 
occupy a considerable space in the sceoiidarv series, 
the waste of the previous rocks will ueeonut for the 
arenaceous and argillaceous strata which unite with 
them to form it, under the shape of sandstones and 
shales, but that in comparing the proportion of pri- 
mary limestone with that of the secondary, the waste 
of the former rock could not have produced the enor- 
mous quantity of the latter. Another source was 
therefore to be sought, and that was shown to be the 
action of living animals. 

As the primary limestones alternate with the other 
associated strata, throughout the whole series, so the 
Becoudary extend through the entire class to which 
they appertain. Occupying also considerable tracts 
ou the surface, they form the basis of extensive plains, 
and constitute many remarkable ridges of hills through- 
oat the world; thus ranging from the lowest situa- 
tions, as in England, to very high elevations, as in 
Jnra and the Apcnnine, 

If even it were within my plan to describe the cha- 
racters of every rock and every series, everywhere, it 
would have been difficult, or rather impossible, to 
have attained such an object; while, in the present 
case, this difficulty is particularly felt. Our acconuts 
of the calcareous tracts of the earth are especially 
defective; while the term transition, with the mistak- 
ing of secondary for primary limestones, has produced 
great confusion. It is but recently that we have ac- 
Ittired definite ideas, even respecting those of Europe; 
«id, to this hour, many of them are involved in oh- 
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scurlty; while geologists have increased the difficulty, 
or rather, hiive created one, by attempting to find 
identities that have no existence. Nor is it part of 
this design to describe all the local variations of these 
rocks and de])Osits, even where bcst> ascertained ; to 
detail the successions and alternations of every bed of 
limestone that has been describt;d. Such information 
belongs to topographical geology, not to a general 
view of the Science ; while the enquiry would involve 
discnssions respecting many hypothetical statements 
and analogies, better left in the hands of the great re- 
former, Time. There has been a peculiar temptation 
to extend analogies and identities in the case of these 
limestones; because, independently of their impor- 
tance, it has been supposed that they could be idcn- 
ti6cd, even in countries widely separated, through 
their organic fossils. I have shown, first a priori, and 
then by evidence, that this test was often fallacious 
or insulhcientj and that the consef|nence must be error 
or fiction; while it is certain also, that many lime- 
stones are limited to particular districts. If there is 
any one especially extensive, it is the series which 
follows that very widely diiJnsed deposit the red marl j 
and, in a certain sense perhaps, both these may he 
considered as general, hut not " universal" deposits; 
though the latter prevails in many countries where 
the subsequent limestone does not exist. I shall 
therefore continue to limit myself to the most con- 
spicuous calcareous deposits, and chiefly to examples 
from Britain; partly because they are best determined, 
and partly from their peculiar claims on a British 
writer; referring to authors for those details which 
transcend my limits; yet cautioning the student against 
the overweening of those who imagine that in de- 
scribing the topography ami details of the English 
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secondary strata, they are producing systems of 
Geology. 

The secontlary limcstoues of Europe are tliought 
to be divisible into the folloiving principal deposits ; 
but it is as yet unsafe to extend these to other parts 
of the globe, while no phihjsophieal f Geologist can 
believe that even all those of Europe are xiiiderstood. 
The anticut geological travt-dlers have not enabled us 
to profit by their ohsei'vati<ms; and when Klaproth, 
recently, descrihes primary limestone as occupying 
great spaces in Caucasus, we may safely conclude that 
he is in error. 

The loivest of these is the "carboniferoiis"or "moun- 
tain" limestone, lying beneath the coal series; and the 
next is the " uiagnesian limestone" of our own country, 
above it, supposed to correspond to the alpine limestone 
to the first "fleetz limestone," and to ihezechsteinof the 
continent. Next comes the ranschelkalk, thought to 
be unknown in England, followed, after an interval of 
sandstone, &c., by the lias, and then by the extensive 
oolithe series, supposed to correspond to the Jura 
limestone and other great deposits of Europe, and in- 
cluding what is called the Jura dolomite. Lastly comes 
the chalk, ^vith its associated niembeis. The limestones 
not considered principal, are found, first in the old red- 
sandstone, and more extensively in the coal deposit; 
after which they occur with the red marl and the other 
arenaceous strata, and furtiicr, in innumerable anoma- 
lous situations through the whole remainder of the 
series ; sometimes acfjuiring, in England and elsewhere, 
local distinctions, which I can here rarely notice. In 
a similar manner, they form portions of the laenstial 
and analogous deposits. 

The lowest, or " utountain" limestone, under various 
names, immediately follows the " ohl" red sandstone, 
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liaviiig been foritierly considered a transition rock by 
foreign geologists. The beds are often of great thick- 
ness, and the series of considerable depth; yet at times, 
as in Scothmdj the reverse ; while they occasionally 
include tliinncr strata of clay, shale, and arenaceous 
rocks, which, in some places, becoming more prevalent, 
materially aflect the calcareous character of this deposit. 
The limestone itself is sometimes pure, approaching 
to the crystalline texture; while, at others, it becomes 
argillaceous, niagnesian, ferruginous, or bituminous, 
presenting also a great range of colour, through white, 
yellow, gray, red, and black. It sometimes contains 
nodules of a cherty flint, disposed like the flints of 
chalk, and is an occasional repository of lead, copper, 
zinc, and iron ; includitig particularly, many lead mines 
in England. 

The fossil remains belong chiefly to genera different 
from those of the upper limestone; rather bearing an 
affinity to those of the later primary rocks. Fragments 
of fishes have occurred, together with trilobites ; while 
corallites and encrinites abound, as the swimming 
cellular shells are nnmerous: besides which, many bi- 
valve and univalve genera, such as orthocera, nautilus, 
ammonites, nielania, turbo, nerita, helix, modiola, 
inya, terebratula, cardium, and spirifer occur in Eng- 
land and elsewhere. Fourteen species of plants, con- 
sisting of equisetums, ferns, lycopodinms, and fuci, 
have also been observed ; the former indicating that 
land in which the subsetjuent coal was produced, as 
the latter do the joint presence of the sea. In such 
a locality at least, this limestone was the mud of an 
aestuary; as has been the case with the lias and others 
followiriir it. The last feature of this limestone which 
may be named, is the frequent occurrence of caverns, and 
of subterranean fissures often giving passage to rivcra. 
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The Magnesian limestone, as the next in order, suc- 
ceeds to the coal strata when these are present; while, 
in other cases, following the supposed transition class, 
it became the lowest memher of the secondary series, 
or the first floctz limestone of the German school, us 
already noticed. The presence of conc^^loinerate beds 
consisting of fragments of the inferior limestone, is one 
of the most interesting features of this deposit ; con- 
firming the former remarks respecting the production 
of mixed rocks at the intervals of revolulion among 
the strata. Thus the conglomerate, like the mountain 
limestone itself, is also occasionally cavernous. 

The strata are of variable thickness, sometimes con- 
taining the usual associated substances; and occasion- 
ally including the gypsum and salt which belong, more 
properly, to the sandstone above it. The presence of 
magnesia, sometimes amotmting to twenty per cent., 
is one of its most remarkable characters, though far 
from a constant one ; while, as it occurs also in the 
mountain limestone, these deposits have orcasianally 
been mistaken for each other. It is generally of a 
granular or sandy texture, becoming sometimes ooli- 
thic, and also cellular, while often, further, possessing 
a slight lustre; and the colours are commonly buff, 
passing into brownish and reddish tints ; more rarely, 
white. It sometimes contains lead andiron. Organic 
remains are rare in this limestone; but fishes have oc- 
curred, together with cntrochi, encrinitcs, flustroe, 
douax, area, and aimmia. If a Monitor has been 
Fonnd in " marl-slate" said to belong it, we may be 
allowed to doubt the accuracy of the observation. 
Eight fuci are named as having also occurred; adding 
liowcver but a superfluous proof of that marine origin 
^'hich every thing else indicates. 
The Muschelkalk of the (Germans i.9 esteemed bv 
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them a sepurate depo»it, rqaally meriting attention 
wlillc, if souietimcs saiil not to he ascertained in on 
own country, others associate it with the lias. Bcinj; 
above the red marl, it is aufHciently distingnished 
from the magneaian limestone 5 and heing separated 
from the lias and oolithe hy the quadersandstein, i 
nuiiit also be distinguished from these, if this arena- 
ceou3 deposit merits a distinction. If English geo 
logists have thus disputed respecting it, it is a conse- 
qnencc of that patriotism of geology which desires to 
rednce every country to the favoured model, as all 
opinions must conform to that of Self. Philosophical 
Geology, unable as yet to reconcile German Self an 
English Self, nanst submit to suspense till other 
countries have also advanced their respective strata, 
and respective claims to dictate ; but it may, in the 
mean time, note these two deposits, in confirmation 
of what was formerly said respecting the imaginary 
wide identity of series among rocks. 

This limestone occurs in the Alps and the Nort 
of Germany, where it is often much inclined; thi 
strata being nearly vertical in the Zimmersberg. It 
is found near Berchtolsgaden, in the chain of the 
Gollinger Alp, in the Dnrrenbcrg, in the hills about 
the Konigscc, and in the 1 yrol near Hall. At Ebe- 
naci, where the red marl is Avanting, it reposes on the 
niagnesian limestone ; exhibiting sections from 1000 
to l3(K)0 feet in depth : and, in most parts of tlie Ger- 
man Alps, it is covered by the green sand and chalk 
oidy. As it occnrs also on the boundary of Styria, in 
the Car])athiati mountains, in Hungary, and in Croatis 
there can be no reason for refusing it the conspi- 
<'uons place assigned to it among the secondary linie^ 
st<mi's. 

It is grnerally granular, of a fine texttirr, and, nior 
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rarely, oolithic. Occasionally, it is niajrnesian, or bi- 
tuminous, and, in some places, resembles the English 
niagnesian limestone. It presents all the usual co- 
lours ; whitish, greys of A'^arions hues, and yellows, 
tending to reds and browns. Nodules of cherty flint 
and of pyrites occur in it, as do beds of marl. The 
fossils are, ehii-fly, encrinites, pecten, tercbratiilfi, am- 
monites, mytilus, tnrbo, nstrea, echinus, tnbipores, 
milU'porcs, aud alcyonia. 

The next principal deposit of limestone upwards, is 
the Lias of England, separated from the last, as I 
have just remarked, by the cjuadersandstein, on the 
continent, but, with us, following the red marl. If it 
has sometimes been associated with the succeeding 
calcareons series, the oolithe, it seems most conve- 
nient to consider them as separate deposits. The 
total scries is, properly, a collection of argillaceous 
hods containing limestone ; the calcareous strata pre- 
dominating in the inferior parts. These are com- 
monly thin, and separated by clay and shale; being, 
in the upper portions, often interspersed through a 
blue marl. Such at least is a general character for 
the English examples ; but, on the continent, it pre- 
sents other varintions which I need not detail. This 
hmestone is generally distinguished by its very argil- 
laceous character and aspect ; being most commonly 
grey, of various tones, passing to white ; while, from 
containing large portions of iron and clav, it is used 
lor water cements. 

If I already noticed some important inferences re- 
specting former conditions of the Earth, to be derived 
from certain organic fossils in this scries, I may here 
ikfT'iin suggest some striking resemblances between the 
Uas and the plastic clay, or the deposits immediatelv 
^'lOfeedinir lb'' cliulk, as opening to observaUotvi 
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which may hereafter furnish lis with more accurate 
gronnds of reasoning respecting- \et unsuspected 
changes in the earth's tmri'Hce, during the deposition 
of the whole series from the magnesiaii h'mestone up- 
wards ; while, as far as the present facts go, I shall 
immediately attempt an enquiry into this neglected or 
forgotten snhject. A future more accurate know- 
ledge of the Lias, hetter reasoned on than it has yet 
been, may also ultimately throw light on the very 
singular circumstances attending the red marl. At 
present, I mnst suffer this hint to be pursued by futnre 
observers ; but the organic rcniains which have led 
to it, are chiefly the vegetable ones and the Lacertae, 
of which two have been termed Ichthyosaurus and 
Plesiosaurus. Turtles and fish also occur in the Lias, 
together with some crabs ; and among other shells, the 
genera ammonites, nantilns, belemnites, scapbitet*, 
hclicina, trochus, tornatella, melania, niodiola, unio, 
eardita, terebratula, gryphica, ostrea, pecten, echinus, 
with encrinites and corals, and vegetable remains 
including ferns and other terrestrial plants. 

The Oolilhe, here distinguished from the lias, is a 
term used to include the pritvcipal cak;areous deposits 
of Europe ; hut, for the reasons so often assigned, we 
have no right to itlentify them with the limestones of 
other parts of the world. The great calcareous ridge 
of the Jura is ranked here ; but I need not enumerate 
localities to be founi! in every geological M'ork, whe- 
ther as to tliis or tlie lias. ICnglish geologists have 
extended this term to the whole deposit, calcareous or 
otherwise, between the lias and the ferruginous sand; 
and thus, in England, it presents numerous calcareous 
strata, to ujany of which pecidiar local names are ap- 
plied, separated bv IjcHs of the several other aubstantv^ 
which contrihntc to form the mass of the »eeonrlarr 
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serie.'*. For these details and arrangements, which are 
ill reality partial and topographic, I must unavoidably 
refer to themselves, and principally to Conybcare and 
Phillips. 

Thongh beds, of the properly oolithic structure, 
occur in the whole of this series, it also presents, in 
colour, texture, and composition, examples of almost 
every variety of limestone. To enumerate these, 
w<fuld be a fruitless repetition ; and to give the details, 
eittier of domestic or foreign examples, would exceed 
the limits of a systematical work. The organic re- 
mains are, equally, too numerous to be here quoted ; 
while the mere enumeration would serve no purpose, 
unless thoy were severally appropriated to the bed* 
which they are said to identify and discriminate, in 
our own country at least. The book just referred to 
will give what I need not reprint ; noticing only, that 
with numerous genera of shells, they contain alcyonia, 
corals, encrinites, cruataceous animals, fragments of 
fishes and an)phil)ia, together with many plants, and 
conspicuous deposits of lignite coal. It is said to 
have produced an Opossum in England ; which can 
be no cause of surprise when it contains terrestrial 
plants, amounting, it is said, to more than twenty, and 
aniilogous to those of the coal series, since consisting 
of palms, ferns, e(|uisetums, and lycopodiuras. Yet 
it ought surely to be obvious, that when remote beds 
are said to be identified because their fossils are the 
same, the proposition is identical and nugatory; since 
it w simply to say, that similar fossils exist in two 
places. The comparison of two shells, which all can 
iniike, may prove those alike or different; but this ia 
t oiichology, not geology. 

The " Dolomite" of Jura, is said to appertain to 
tills division ; but this term having been applied to all 
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raagiieslati limestones, it Is one of those pernicious 
ones which has produced considerable confusion ; 
serving further, like othiTs, in lieu of a description, 
wliile also aupearing <o involve knowledge unknown 
to others, and thns carrying the semblance of profun- 
dity. Thus also it has been used to distinguish those 
limestones, in \vhatev(T situation, wliicJt have under- 
gone the itiflucncL- of granite nr trap; as if a mere 
term could he a suhstitntc for a knowledge of the 
crreunistances attending any rock. The science would 
make no small gain by rescinding this, and soni 
othcts, from its catalogue of words. 

The last limestone, as it is the uppermost of th 
secondary strata, is the Chalk ; proceeding upwards, 
when complete, from the beds called chloritic chalk 
to chalk nuirl, and subscrpiently to hard and to soft 
chalk. In Knghmd, this deposit is very conspicuous, 
from its extent and purity ; hnt, though far less con- 
siderable than the oolithe, it occurs also, if often with 
characters less marked, in various parts of Enrope : 
as in Scania, Jutland, and Zealand, in France, extend- 
ing through the Netherlands, in Poland, followiug 
the course of the Carpathians, in Bohemia, Galicia, 
»nd Silesiia, in Italy, in Spaiu, and in the Ionian islands. 

The collective Ijeds are often of great depth, as in 
our own country ; and the upprr ones are note<l for 
containing strata of flintSj while the inferior are free 
from them, giving rise to corresponding distinctions 
The accumulations of similar flints in particular places,' 
»eem to indicate tlie waste of an analoirous ineludin<r 
rock ; denoting its former presence in places where it 
no longer exists, as in Scotland, in Gnernsey, and i 
many parts of the continent. Beds of clay and of uia 
also occur in this deposit ; the green earth which eha 
racteriKes the chloritic chalk, being found chiefly in the 
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lower beds, which Homctinies also puss into a compart 
limestone. Though white when jKire, it is sonu'times 
yellow, grey, and reddish, and oet-asionally contaitiis 
magnesia, or clay, and more generally, sand- 

The organic remains are numerous, and, like those 
of the inferior strata, hclong to species, at least, which 
are supposed to be no longer existing. Some traces 
of fishes and of iacerta? have been found in it; hut tlwi 
ruost remarkable circumstance consists in the great 
quantity and variety (if echinites which it conlaiiis. 
It is also noted (or its .sponges and alcycMiia; con- 
taining moreover, cnerinites, corals, and many genei-a 
of shells, for which I may refer to the same catalogues. 
Inchnling the green sand with it, the vegetable fossils 
exceed hfty; of which, with .some fuci, six are .said to 
be couiferous, and two liliaceous plants, in addition to 
the genera usual in the coal strata. But when it is 
inferred that coniferous or liliaceous plants had nevei- 
existed in former conditions of the earth, that new 
aeras of creation are thus marked, and that the cha- 
racters of the i)lants in former strata prove differences 
of temperature in the Earth at those periods, this is 
the ignorant and rash reasoning from negative evidence 
which 1 hope I have suflicicntly exposed on* former 
occasions. 

Such are the leading divisions of the secondary 
limestones ; and there is nothing here to add respect- 
ing those whieli <jceur in the coal series or elsewhere ; 
»vhile, for the minute dcsicriptions of these, and of 
those which are found in the tertiary deposits, 1 must 
refer to the authors who have described them. But 1 
must proceed to add what applies equaliy to this and 
to the preceding chapter, and which 1 therefore re- 
«erved to this place. 

The remark is general ; I have orieu nmde i^ a.lTA.d:^. 
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The groups which I have thus <le8crihed hi conformity 
to custom, quite as minutely as I think neceCTary, have 
been foniied under presumptions rather than cviflence, 
and further, being local, have been generalized into 
models or types for all the earth ; while they have also 
been made deceptive, by adopting a single term for a 
very compound series, and taking also a single uienibcr 
for that term. If any of the presumed groups is a real 
one, that must be determined by some definite condi- 
tion of the eiirth under which it was formed, n' 
under the hypothesis of a nation or a sect : and, o 
the true evidence and its value I shall soon enquire, 
that I may prove, if possible, what geologists have 
hitherto assumed, and at least separate evidence from 
hypothesis. 

As to the extension of these groups, the red mar 
is the only one yet proved to be widely spread ov^^J 
the earth : and when one nation infers identities, an^^ 
another disputes them in favour of its own, philoso- 
phical geology turns a deaf ear to both ; having shown 
that the Causes will not thus submit to dictation, and 
must not be, as they ever have been, forgotten, I 
have shown that the scries in the primary rocks will 
admit of no such generalizations, of either nature ; an<f, 
since the secondary have been produced in a similar 
manner, the same diversity must hold, in both re^ 
spects. Did I act respecting the priuiary strata 
Scotland as Geologists do about the secondary on^ 
of England, I should maintain them as the patterns 
for the world: yet they who can now perhaps see the 
one folly, can as little discern the other, as the Wer- 
nerian school was unable to discover the equal fiction 
of its Universal formations. The hypothesis is the 
same for both ; b^it that is not yet seen, though it is 
fully time that it should ; suiee it is not («•« ' 
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though it passes for such. And when Organic fossils 
are brought forward in proof of identities, it is but to 
add an utter ignorance or contempt of philosophical 
zoology and botHny to all else ; as 1 have aheady 
(iljown. It will be said that 1 am here undoing all 
which Geology has been so long in building up : and 
this will be said with feelings proportioned to the la- 
bour exerted on this limited subject, English topo- 
graphy, and to that affection for an object which is 
jrenerated by labouring on it. But alt hypotheses 
have made the same complaints : men arc irritated at 
the attacks made on their favourites, and hold fast till 
they can hold no longer. But it is hypothesis alone 
'liat I desire to overset ; since, till that is done, we shall 
not even begin to enter on tbe right road. 
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Shale, Clay, Sand, Marl 

The term Shale includes all the secondary and ter- 
tiary argillaceous schists ; but I do not notice its pro- 
vincial names, while the ill-judged term slate-clay is 
rejected, as uimecessury and inconvenient. 

It resembles the primary schists so much, in raincrul 
characters, that they camiot he distinguished hy any 
general definition ; and though some of its varietic 
may differ from every one in the latter division, the 
arc nmny which are undistingiiishable. As in other 
cases, the distinctive character of this rock is com- 
pounded of its geological associations and its mineral 
nature ; and it is only through both that it can safely 
and effectually be recognised. Its varieties arc enu- 
merated in the Classiiication of Rocks ; and I need 
only remark here, that it is more or less indurated, and 
that its prevailing colours range from grey to black, 
but comprise also red and yellow hues of considerable 
variety. When highly ferruginous, it passes into argil- 
laceous ironstone ; and, becoming calcareous, int(^^ 
schistose marl, and into limestone. ^H 

lu this case in particular, or when intcrstratified 
witli limestone, it is the frequent seat of Ibssil shells ; 
white the argillaLcoiis beds of such a series often con- 
tain a greater proportion of these than the calcareous 
rock. In the coal series, it often contains bitumen, 

orcarbonaccous ntatter, or both ; and, in the same 
circumstances, is the fretjuent repository of vegetable 
remains. The most bituminous varieties, knowu bj 

the name of Kimmeridge coal, are combustible. 

Otherwise compounded, it contains mica, or quartz 
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«;ui(l, or both ; an<l, hi tliis latter case, it soiiiL-tiuics 
jjiissL's into fluiigy suiutstonr. It seldom iitclutU's dis- 
tinct fragments of other rocks; but, m Sky, nodules 
of trap are fomid in some of the hcdM. Soinc! varie- 
ties of shale, like others of primary argillaceous schist, 
contain a deeoniposahle pyrites ; being, therefore, 
wrought for alum, under the name of aluminous 
slate. 

When in contact with tra]), it sonietinK'S passes 
into siliceous .schist, as elseu here explained ; and, 
under the same circnmstaiues, often assumes a peculiar 
concretionary structure, slightly noticed in the chapter 
on that subject. In the Shiant Isles, in Arraii, in 
Fife, and elsewhere, it thus presents a granular ap- 
pearance, resembling sometimes a muss of daumged 
gunpowder, or an agglutinated heap of mustard-seed, 
at others, of spheroidal concretions like pease. And 
when the rock is indurated to the hardness of siliceous 
schist, as is common, the softer intermediate parts 
wear away by the action of the sea aud air, so as to 
produce a botryoidal surface. In rare cases, as in Fife, 
such concretions attain the diameter of a foot, resem- 
bling those of the sandstones in the same circumstances. 
The columnar configuration occasionally found in 
shale, is connetted with its transition into ironstone 
and into jasper; as noticed in the description of this 
rock. 

The range of Geological position occupied by shale, 
commences with the old red sandstone aud reaches to 
the chalk ; and it occurs also in the lacustral and 
other tertiary deposits. Its proportion to that of the 
accompanying stiatu is exceedingly various, while it is 
conimoidy interstratified in thin laminae with tbeui. 
The tenuity of these is sometimes extreme ; aud it ia 
rare to find cousidcrable beds, uninterrupted by the 




IS I 



repetition of the sanilstones, limestones, or clays 
which it accompanies. The only exception known 
to juysclf, is thu sandstone series of Caithness aud^ 
Orkney ; which appears to form two parts of a coiiH^ 
men deposit. In Orkney, in particular, many exten- 
sive tracts of shale occur, covering a great surface, and 
reaching to so great a depth, uninterrupted by sand- 
stone, that, as tar as I can confide in observations on 
a country so deeply covered with soil and peat, i^M 
sometimes attains the thickness of seven or eight 
hundred feet. Thus it here occupies a conspicuous 
place anutng- the secondary strata, and may claim th( 
rank of an independent rock. 

It is here alone that, in Britain at least, its geogr 
phieal features can be studied ; since here only it is 
unmixed with other rocks. These features are inva- 
riably tame. The few hills are rounded, and nnnuirked 
by protruding rocks or abrupt declivities ; while North 
Ronaldsha and Sanda arc nearly as flat as the sea 
which surrounds them ; above which also they are so 
little elevated, that it seems, in winter, to threaten their 
existence. Yet in Westra, Rowsa, and the Mainland, 
the abrupt vertical cliffs are more durable than those 
of the sandstone in the same Islands. 

The composition and texture of shale, witli its 
ready disintegration, point it out as the parent of 
fertile and deep soils ; though, occurring so rarely 
alone, there is little opportunity for judging of the 
fiict. In Caithness and Orkney, the covering of peat 
is commonly so dense and deep, that the soil beneath 
is a? useless as it is inaccessible. Yet where, as tu 
North Honaldsha, the surface is free of this, the ex- 
cellence of the soil is indicated by a fertility which, in 
such a climate, would scarcely be expected. 

The cvconomical uses of shale arc inconsiderable ; 
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l^ft the most fissile and tenacious viiiietics sorvo for 
T«p()fin<,'-slate and flags; espcrially uhen it occurs in 
tfir lowest sandstone. It is the n-pository of metals, 
like the other strata which it afcorn[);inies ; lint is it- 
■self an iron ore, ivhen highly ferruginous ; heing the 
ironstone so extensively used in the rnannfaetories of 
Britain. 

Claij^ Sand, Marl. 

In terminating this account of the secondary stral a, 
I must notice these suhstanees ; which, though not 
Tocky, form a portion of the structure of the eartli. 
Sometimes the result of disintegration, they seem at 
others to be waiting for that indiiration which occa- 
sionally takes place in certain portions without affect- 
ing the rest. Thus the clays are fotuid intermixed 
with shales, the sands with sandstones, and the uiurls 
with earthy limestones. 

'riie general position of these among the strata is 
already understood ; and it has been seen that they 
occur throughout the whok"! scries. In general, they 
arc more important in an oeconomical view, than in- 
teresting to a geologist ; while many of them are un- 
distinguishable by mineralogical characters. The ex- 
tent of a feWj however, renders them objects of greater 
interest. Such are the clays of the coal-beds, contain- 
ing ironstone, tlie marl of Gloucestershire and Lincohi- 
«hire, the fen clay, fullers' earth, the extensive forma- 
tion of plastic clay, and the no less conspicuous blue 
clay which contains septaria, forming the uppermost 
materiul in the London district. Among the sands, 
the most remarkable are situated high iu the series ; 
and these are the ferruginous sand, and the green sand, 
being portions of the general deposits already described. 
The othejs occur among all the several other strata 
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alreiuly noticed, uud rrqiiiro no additional remarks 
here. The reader must he referred, for a fuller aeeount 
of all these substiiiiccs, to the topo^raphieul aiul mi- 
neralogicul works in vvhich they are deseribed. But a 
few remarks on their present condition will not bej 
tiseless. 

It is evident that the upper ekivs, such as those of' 
the London district, are now in the same state in which 
they were deposited ; and that, although they might 
liave produced rocks, under other circumstances, tlieyi 
have never existed in that form since their deposition. 
This seems ctpialty true of many of tlie inferior strata 
of the same nature; hou'cver dilHctilt it may be tol 
explain why, in certain situations, the same material 
should have remained uucompacted into stone, while, 
in others, it has become shale. Yet the remarks in a 
" former chapter have shown that many of these clays 
have once been in the state of rocks, which have been 
deconi{)03ed within the earth, so us to assume their 
present form. This, indeed, is proved in Cornwall, 
where the ordinary aigillaceous schist is found con- 
verted into clay at great depths, retaining the indica- 
tions of its former state ; as are granite, gneiss, and 
the traps in innutnerable situations. The same re- 
marks nniy be made on the satids : but it would be 
merely to repeat the same, reasoning; and I need only 
remind the reader of the proofs of extensive decom- 
position among these, formerly given. Neither is it 
necessary fo extend this reasoning to the marls ; as," 
in some cases, they are oljviouslyin the state in which 
they were first formed; while, in others, it is equally 
ap|)arcnt that they are the result of decomposition. 

But the term Marl has also been appli(;d to a' 
scliistosc rock, so as to liave been the cause of much 
inconvenience. That of Murl-ilate has particular- 
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ly been a source oF confusion ; having liten consi- 
tlert>d a primary rock, even when containing the re- 
mains of fishes and of terrestrial plants. Schistose 
uiiirl occurs among the secondary strata, with the 
shales; und I have every where considered it as a mo- 
dification of shale, containing calcareous matter, being 
generally also interposed among strata of liineston<-. 
If there be a distinct " rnarl-slate," it is also a calca- 
reous shale, or a mixture of clay and Hme, indurated. 
It accompanies limestone and sandstone, passing into 
indurated clay, atul into liniestone. The well-known 
Florence marble belongs to this rock. As I had oc- 
casion to notice in the account of Organic Remains, it 
is probable that many of these substances, «hen more 
accurately examined, will prove to belong to fresh water 
formations, and that the error has arisen from not 
distinguishing between mere jnxtaposition and alter- 
nation. It is equally probable that many of the Italian 
examples belong to the elevated alluvia ; as those of 
AJoute Bolea assuredly do. Under sucli palpable errors, 
I have excluded this substance from its former place 
among the primary rocks. 

The term marl is also api)lied to recent deposits of 
shells, either simple or intrrmixetl with day. These 
form parts of tht- Jacustral deposits, as already noticed; 
hot they also oeenr in .situations where their (nigin in 
much more modern. Thus they are found on shores 
deserted by the sea, or in the a:stnaries of rivers; and 
thus iilso they are cotninon in inland sitnations, and, 
very often, under peat, as elsewhere described. In this 
tnanner they are frerpient in Scotland, indicating the 
former places of lakes long since hlied up. Their 
theological relations are far too simple to require any 
further detail. But I must yet point out two modes 
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in which marJy deposits are forniied tniSiepeu^mly of 
the presence of water. 

The first of these is from the blowii^ of calcareous 
sand, which being deposited on the land, often at 
considerable distances from its native place, becomes 
consolidated by pressure and moisture, and at length 
covered by vegetable soil or peat, or even by terrene 
alluvia. In this way, inland marl is found in some of 
the Western Islands, even on declivities. But a more 
remarkable deposit of this nature occurs in several 
parts of Perthshire ; and, in the Geological Transac- 
tions, I have described a conspicuous instance 19 Glen 
Tih. These are formed by terrestrial shells ; and the 
depths of the deposits are often very great. For the 
details, which my plan exchides, I must refer to the 
original paper, where the animals which conduce to 
produce them are described. 
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CHAP. XXXVIII. 

General Remarks on the Secondari/ Strata. 

Having thus teriiiinatcxl tlio arconrvt of the secowlary 
strata, it remains to make some remarks on the whoh', 
for which no pre\nons opportunity has presented itself, 
in addition to the incidental ones already offered. Tlie 
revolutions which their condition, in some parts, im- 
plies, have already ccinc under review; hut if I mis- 
take not, there is much remaining, connected with 
former changes of the earth's sitrface or condition, re- 
speetinj^ which it is exceedingly ditficult to reason, for 
want of sufficient facts. Geolog:ist3 have neglected to 
seek for these, because they have not reasoned a priori, 
or respecting causes: taking it for granted that all the 
parallel strata liad been formed, in the simplest manner, 
under the sea, and never waiting to encpiire how an 
hypothesis so slovenly coiihl be reconciled to the 
known facts, imjierfect as these arc. In this broad 
statement I have hitherto followed them ; yet not with- 
out occasional remarks, tending to what I must now 
expand, as far as the wretched scantiness of the mate- 
trials will permit. Be the result as meagre as it may, 
it forms a portion of the Tbeory of the Earth, the next 
ill order to that of the Revolutions traced in a former 
chapter, which, under an infinitely less perfect form 
in previous hands, had been idly brought forward as 
A Theory of the Earth. » 

And the effect of such an examination, should it do 
no more, will he to show how much we have yet to 
h'ftrn respecting the changes and prt^gress of our 
globe, and thus at least to point out what is yet de- 
manded from practical geologists. If also it is only 
ammig the secondary strata that we can trace these 
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poiiditloTis, we cannot but infer that similar onos mnst 
have existed among tlir primary, since these were once 
under similar cirtunistanccs, thongfj now affording us 
no clue to tliose : whence it Avill be to take a very nar- 
row or superficial view of the theory of even the earlier 
rocks, to suppose that it is all comprised in those revolu- 
tions which 1 formerly investigated. Yet let me premise 
this. Whatever inferences may he drawn as to con- 
ditions of the surfiice in this period, I cannot see that 
we liave any right to extend them more widely than 
visible farts and fair antilogies warrant. I have ren- 
dered it probable that even the greater revolutions were 
partial, tedious, and successive, being universal onlv 
in their total results; and there is even less right to 
infer that a theory of English or European strata is 
to he a theory as to the whole earth, when the verj^ 
strata themselves are limited. ( 

The ncedfnl preliminaries to this enquiry are little 
more than a restatement of what mnst already have 
appeared; if disperacdiy, for other purposes. The are- 
naceous and argillaceous rocks have been gcueratc<l 
from the rnin of former ones, and the limestones are 
the produce of animals. A deep mass of the former^ 
unaccomj)anied Ijy tlje latter, marks some condition 
nf the earth, at that plaice at least, where few auimals 
existed; a similar one of pure limestone bespeaks u 
reverse condition, attended, in that place, at lea^ffl 
again, Iiy little degradation and deposition ; wliile the 
mixed alternating strata demonstrate a correspondine 
mixture of both sources of action. Further, where 
any stratum contains terrestrial remains, of whatevQH 
kind, it follows, that there, at least, it uiust have been 
an a\stuary, or in some communication with the lane 
under no deep sea. 

And lastly, considering that the degradation of land 
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can never have ceased, 1 see no means ot accounting 
for deep limestone masses unmixed with arenaceous 
andargilUiceous strata, except by considering these as the 
coral banks of a former earth : the present onesheing 
the obvious type of the past, as they arc^thc ooly lime- 
stone formations with which other strata cannot alter- 
nate. And that opinion is justified by the predomi- 
nance of corals in these; while if they also contain 
shells, this is no more than occurs in the present coral 
reefs. Correlatively, 'where limestone beds alternate 
much with arenaceous and argillaceous strata, my con- 
clusion must be, that these were formed chiefly by co- 
lonies or beds of shell fishes ; while that opinion also 
is sufficiently borne out by the nature of the imbedded 
fossils. The really oolithic strata explain themselves; 
since their present type is existing in the West Indian 
islands. 

Of the old red sandstone I need here say nothing ; 
having sufficiently shown that it was the produce of 
tumultuary actions, and of ordinary deposition after 
degradation, at a time when a new creation of orga- 
nized beings had but commenced ; whence the rarity 
of those in its beds is explained. The general clue to 
the explanation of the mountain limestone is already 
given, in the suggestion respecting coral beds, and in 
that increase of organic beings which must be pre- 
sumed to have then taken place ; while, when it pre- 
sents alternating shales, the solution is not less obvious. 
But respecting the terrestrial fossils which it some- 
'imes contains, I liave two suggestions to oifer. Either 
Way be true, in particnlar cases; while there is nothing 
•lithe one that should exclude the other. 

Adopting the tlieory of coral reefs, it is easy to ac- 
count for the preserved vegetahlcs ; since in this also, 
an existing coral island is a type of what might or 
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must then have been. Bnt we may also adopt the theory 



of 



and. 



jch 



the deposits of 



sestnanes 

getables in the plastic clay, and, as the type of both, 
the similar ones in the existing alluvia of rivers, as ii 
those of the Ganges and Mississipi, become the expla- 
nation. If any one shall prefer this as the exclusive 
solution of that state of things, he will find arguments 
in the community of condition, both as to the strata 
themselves and the imbedded fossils, between the up- 
per beds of this deposit and the lower ones of the coal 
&erii;s. I do not think th;it our information is such as, 
in almost any case, to justify our drawing the infer- 
ences of geological philosophy too strictly ; and I am 
very sure that the hill of truth will never be reached 
by shutting up the road which leads to it. 

I may pass over the coal scries, since this has de- 
manded a separate inquiry ; nor need I again notice 
the revolutions connected with it ; so that the next 
object of inquiry is the niagnesian limestone. I think 
that the characters of this deposit bespeak a very differ- 
ent origin from that of the " mountain" or any other 
limestone in the series ; and can see no solution of its 
peculiarities but the following, while I must here add 
the essentia! facts on which that rests. 

It contains conglomerate beds, or fragments, mark- 
ing its production from the degradation of former 
rocks, thus far at least, and not, like the other lime- 
stones, from the disintegration of luiimala. Excepting 
fuei, of which the explanation under this view is easy, 
it contains no fossil remains, generally at least ; and, 
of those which have been asserted to exist, there are 
serious doubts ; from the inaccuracy of observers, con- 
founding with it some casually associated deposit, per- 
haps lacustral ; while, though they were proved as to 
certain localities, this may be explained, for those 
which should prove terrestrial, under the theory of an 
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SBstuarv, as may be done respecting similar cases in the 
old red sandstone, an unqucstionahle produce of de- 
^^radatioii and transportation. And though it should 
really contain shells in any place, these may be the 
remains of an organic creation, perhaps yet scanty, 
whether a renovated one or not, under those circum- 
stances of revolution which depressed the coal strata. 
It is often oolithic, and further, sandy; facts equally 
marking its origin in degradation, and consequently, 
as a limestone, from former limestones ; while if its 
progenitor contained shells and corals, as wc know that 
it did, we might account for even its traces of shells, 
or entrochi, or whatever else, without the aid of living 
animals, assisting to form it by their own disinte- 
gration. 

Considering therefore these circumstances, and con- 
joining with them the revolution depressing the coal 
strata, additional proofs of which are found in its con- 
glomerate structure, and in those conglomerates cou- 
gisting of the mountain limestone, the solution of its 
origin seems to me this, namely, that it was formed, 
principally, if not entirely, from the waste of the 
mountain limestone, remaining partially above the 
surface after the depression of the coal strata ; while 
some portions have been deposited on this series, and 
others in a lateral order, under the necessity formerly 
explained, and while it should not be the produce of liv- 
ing shells, because a living creation should have suf- 
fered in the preceding revolution, just as it did in that 
which preceded the deposition of the old red sand- 
stone. 

If this be the explanation, even the magnesia which 
it contains may be used as an argument, since it occurs 
also in the mountain limestone ; and if it be not re- 
ceived as such, I have but one more suggestion to offer. 

St 
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That is, that this limestone might, in its upper parts 
at least, if not in its conglomerates, have been pro- 
duced hy animals, like the others, but that having 
been exposed to heat during; the revolution so nearly 
connected with it, the fossil bodies had disappeared, 
as 1 have shown them to do in the ordinary cases of 
orejanic limestones connected with trap. In either case, 
equally, it might alternate, as it does, with argillaceoui 
and arenaceous strata ; hut this fact is perhaps moi^ 
confirmatory of the first explanation. And I also 
think that the first suggestion is confirmed by the 
condition of the red marl ; ati inuuensc deposit from 
degradation, containing fev/ or no organic bodies, as 
if a new creation following, or to follow, the last revi 
lution, had either not occurred or not begun to predi 
ruinate. 

The peculiar difficulties attending on this singular 
sandstone have already been pointed out; and though 
geologists do not seem to have seen any, from never 
analyzing nor philosophizing on the facts before them, 
I must repeat my inability to oifer any rational expla- 
nation of its sources and nature^ beyond that which 
must be obvious from what I have just said. It should 
be apparent that it is the produce of the degradation 
of the supramarine rocks remaining after the depres- 
sion of the coal, wherever it is actually superior to that 
scries; or existing at the period of that formation, 
whenever it may be lateral and coincident in time; 
while the immense accumulations which it presents, 
together with its wide extent, always under a simi lar 
condition, and without intervening beds of limesto^| 
bespeak a long period in the earth, during which an 
organic creation was scanty, if not absolutely wanting. 
As far as it may contain organic fossils, whether ter- 
restrial or marine, vegetable or animal, I need not 
repeat the former suggestions ; while they seem appli- 
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cable to all the strata wherever similar circumstancea 



occur. 



Still, it is the presence oFsalt which offers the great 
difficulty ; and till the cause of this is explained, the 
history of this deposit must remain one of the greatest 
blanks in the science of geology ; that blank, which, 
Avith the philosophy of mineral veins, still utterly 
un intelligible, and that of the green sand, hitherto un- 
suspected to be another proof of our ignorance, forms 
at present the chief very decided deficiency in a Theory 
of the Earth. If the confession of my own is but 
that of the general ignorance, this open acknowledg- 
ment may perhaps give some force to my opinion, 
■when I say» that in all else, the Theory of the Earth, 
as it may here be deduced and will hereafter be 
sketched, wants little to render it as perfect as can now 
easily be expected, and wants nothing which relates 
to its essential points. 

I do not think it now necessary, in this sketch of 
the theory of the secondary strata above the coal, to 
distinguish the mnschelkalk and the ([uadersandstein ; 
since the same general reasonings will apply, though 
I limit this view to the received English series. All 
that can he requisite is, to consider these as analogical 
deposits produced in other places, under the same 
general circumstances; and thus the same theoretical 
views will equally suffice for all other analogous de- 
posits, in whatever part of the world they may here- 
after be studied. In applying it therefore to the Lias 
of England, the obvious inference is, that after the 
deposition of the red marl, an increase of the organic 
creation became the source of the calcareous beds in 
this series ; while being as yet but few, in comparison 
to what their power of propagation was hereafter to 
render them, the argillaceous and arenaceou* deposits 
from the supramarine land bore a larger proportion to 
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them than in that subsequent' condition in which thej 
series of the oolithe was formed. There is no mys- 
tery in these calcareous beds, or in this intermixture. 
The colony of animals, wherever existing, formedJ 
the limestone ; it was a less rapidly populous one at 
its commencement than afterwards ; and thence arc 
the limestones more scanty below than above, com- 
pared to the other associated strata : while, when it 
was extirpated, from whatever causeSj the deposition 
of the land, always proceedings, formed the intervening 
strata, separated into sand and clay in the usual man- 
ner, until the re-establish meut of a new colony enabled 
a new calcareous bed to be formed. [ have already 
more than sufficiently explained the deposits of terres- 
trial organic bodies in portions of this series. 

A still increasing population produces the superior-' 
ity of the oolithe series in calcai^ous strata ; while, in 
other respects, the same reasoning applies as to the 
intervening ones, undei" modifications which must be 
made for each locality, and of which the whole might 
be explained by adequate attention, from considering 
the present condition of the earth at different points ; 
its mountains, its seas, and its rivers. And as far as 
any of its beds are truly oolithic, the modern forma- 
tion of oolithes under the waters of the sea from recent 
shells, offers a palpable and simple explanation, while 
the former ones, as to terrestrial remains, equally apply. 

But this simplicity of explanation is about to cease, 
with the termination, in Europe at least, of this serie9,J 
so enormous in depth, and thence occupying such an- 
incalculable period of ages in its production. And 
that production being the result of a long period ot 
tranquillity or of uniformity of constitution and re- 
pose, in the earth ; since no strata intervene among, 
the limestones of this series, to indicate aught but tht 
same consistent degradation of the supramarine rock« 
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as in tbe preceding and connected lias ; the whole 
produced in one period of a populous repose, if under 
a gradually increasing population. 

It ceases with the green sand: and here, I fear, geo- 
logical philosophy is scarcely less at a loss than in the 
previous case of the red marl ; while, in reality, the 
particular difficulty, surinountahle there, seems here 
to be absolutely insuperable. The degradation of the 
land goes on, but the deposits of limestone diminish 
or stop. Sand is deposited, and so is clay ; but ani- 
mals do not breed, or breed scantilv, amons; these 
deposits. There is no mark of revolution or tumult, 
the strata are orderly and consistent, and continue 
to be parallel ; yet the organic creation, if it has not 
disappeared, has been so reduced, that it bears no 
longer any proportion in quantity to the time required 
for this deposit. It is not exterminated, because the 
green sand does contain limestone, marls, and shells ; 
as it also contains lignites and vegetables, the former, 
in some places, conspicuously. 

I can give no solution of this diminution of animals, 
and through so long a period ; I cannot even offer a 
conjecture respecting what geologists have forgotten 
to notice, from never bestowing the needful reasonings 
on the facts before them. Some change in the con- 
stitution of the earth, or the water of the earth at least, 
must have occurred ; while, of this, there are no other 
indications. Must we suppose that something has 
been overlooked respecting this deposit and the inter- 
val which divides it from the oolithe series? This is 
what geology has still to investigate ; and till it has so 
done, and furaished facts for the explanation of this 
change, it has left an essential portion of its work un- 
thought of. My own opportunities as to this interval 
have been few; and when I seek among writers, I find 
nothing to the purpose. 
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This alone, 1 may venture to suggest. I have not 
here noticed ilie lignite-coal deposits in these strata, 
because they helonged to a subsec|nent chapter; but 
doubting if those in the oolithe could have possessed 
their present characters without some essential changes 
in the positions of the surrounding strata, analagous 
to those in the coal series, as should also be true of 
those JD the green sand, it is probable that there h 
here been some revolution, to add to all the others 
formerly noticed^ partially destructive of animal life, 
though not attended with that reversal of positions 
which marks those formerly discussed. And if this 
be the explanation, it is probable that some marks of 
revolution will hereafter be found in this place, by 
those to whom I have thus pointed out the road which 
they ought to follow. Should it also prove to be the 
fact, it will be another revolution to add to those al 
ready demonstrated ; as, without some such explana- 
tion, there must remain a serious blank in the Theory 
of the Earth. 

The theory of the chalk becomes comparatively 
easy, since it is but to repeat what was already said 
respecting the calcareous strata following the red marl 
Yet with this exception. It is often a deep mass o^ 
calcareous rock, without intervening argillaceous an 
arenaceous strata. Its organic fossils show that 
was not a coral reef or island, the degradation of the' 
supramarine land ought to have been proceeding, and 
yet it is what we sec it. I have no solution for this 
geological anomaly ; unless it be this- It is an ad- 
mittedly partial ro(;k, and considerably limited ; and I 
can therefore suppose that it was formed in seas 
bounding low lauds instead of mountainous ones, from 
which the deposition of arenaceous and argillaceous 
materials might be so scanty as to suffer extensive calca- 
reous unmixed deposits to be formed from the spoils 
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ot animals. Nor need the present elevated nature of 
any lands, now boanding or connected witli, tliu cbalk, 
be used as an objection ; aince this condition is poste- 
rior, being the cause of the elevation of the cbalk 
itself. 

I have l)Ut this to add. If I have hitLerto followed 
geologists in considering the chalk as the uppermost 
of the " secondary" and inarino strata, as the most 
recent of those disclosed at the last great revolution of 
the Earth, it is not that I am satished with this re- 
ceived opinion, bnt that I am not possessed of facts 
sufficient to controvert it, and to propose a reform of 
oar classifications on this point. Yet is it more than 
a merely suspicious hypothesis. If there be a stratum, 
rocky or otherwise, among the marine ones ranked as 
tertiary, which is parallel to the chalk, it may have 
been elevated at the same time, and be thus a still 
higher member of the same series ; nor will its par- 
tial or limited extent affect that conclusion, since the 
chalk itself is, like all else, a partial deposit. The 
case would be parallel to that of the Italian allnvia 
under other circumstances; and until the "tertiary" 
strata have been more carefally studied, we cannot be 
sure that it does not exisit. But this is not all. Our 
gravel beds have, with no small probability, been 
thought to be derived from a decomposed rock ; and 
if this should be the fact, then is this a stratum above 
the chalk, to be ranked in the same series, though 
now an alluvium in situ. If the obscure sand of cen- 
tral England is to be considered a marine alhiviuin 
when unconsolidated, it is still a rocky stratum in the 
same series, when consolidated : unless any one can 
prove that it has been consolidated in recent times. 
Let us not, at any rate, decide till we are better in- 
formed; lest in this case also, we, as usual, aubstittvte 
hypothesis for fact. 
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CHAP. XXXIX. 

Pltchstone. 

The printed mfonnation respecting this rock is 
scanty and suspicious^ that I dare not borrow from it. 
As in the case of Trap, some of the remarks on its 
position have been warped by theoretic views ; as the 
peculiar jaspers occurring under trap, have also been 
occasionally confounded with it. Under these doubts, 
I must give its history as far as it can be deduced from 
n>y own observations ; hereafter, its nature may per- 
haps be more completely elucidated; but if I have 
given its true history for Scotland, I must believe that 
I have done it for the whole world. 

The first remarkable circumstance respecting Pitch- 
stone is, its limitation to trap countries, while, even 
in tbescj it is rare. In our islands, it is confined to 
Ireland, and to Arran, Rum, Egg, and Sky. In these 
situations it forms veins, so decided in their characters, 
as to permit no doubt respecting their real nature, even 
where parallel to the including beds ; when they re- 
semble the intruding masses of trap which occupy si- 
milar positions. They are rarely continued for a long 
space; more coninioniy terminating abruptly among 
the surrounding rocks; while one instance alone of 
ramification has occurred, in a vein in Egg, divided 
round a mass of chert. The only mass of pitchstone 
in Scotland, of which the true nature might be disputed, 
is that magnificent and picturesque object, the Scuir 
of Egg. This, however, is a substance intermediate 
between pitchstone and basalt, and, at the same time, 
porphyritic. Standing insulated, like a narrow irre-^ 
gular wall, on the surface of a mass of trap, it does 
not at least resemble a bed; as its mineral character. 
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no less than its place above a trap posterior to the 
secondary strata, proves that it does not belont^ to this 
series. It is unquestionably the remains of a vein 
once pervading the trap on which it seems now to 
stand. The degradation of that roek has left the more 
durable pitchstone in the position it now occupies ; 
and of this degradation, there is ample evidence. The 
columnar structure, and its parallelism to the sides of 
the vein, occur equally also in veins of trap. As there 
is a striking analogy between pitchstone and basalt, it 
is conceivable, that, although unstratiGed, it may at 
least exist in the form of large overlying masses, like 
the trap rocks ; and probably some of the foreign ex- 
amples, supposed to be stratified, are of this nature. 

If the preceding remarks are not judged sufficient 
to exclude pitchstone from the stratified rocks, M'ith 
which it was formerly classed, the following argument 
may. It is found in granite, in red sandstone, in the 
more recent sandstones, and in the latest trap rocks ; 
thus occupying a variety of discordant positions 
which no rock has yet been known to do, excepting 
the intruding substances of the trap family. In gra- 
nite or trap, it is obvious that it could not be strati- 
fied ; nor is there any rock, except Serpentine, which 
forms veins and regular strata also. Even where it 
occurs apparently unstratified among the sandstones, 
it must therefore be considered as a parallel vein. 

The entanglement of fragments of the including 
strata in trap veins, is so common as to have fallen 
under the observation of every geologist conversant 
with these rocks. But if in pitchstone, it is so rare 
that I have as yet observed only one example, it oc- 
curs in the well-known vein of Brodick wood in Arran. 
The including strata consist of the red sandstone; 
nd fragments of it arc insulated in the middle of the 



PITCH8TONE. 



vein. If this occurrence is as yet solitary, it must De 
recollected that it docs not happen, perhaps even in 
one trap vein of a thousand ; so that it may he merely 
a <|uestion of chances, depending on the much greater 
rarity of veins of pitchstone. The fact, even if soli- 
tary, is valuable ; as estabhshing, in another impor- 
tant particular, the resemblance between pitchstone 
and the trap rocks. 

There is no stronger proof of the common origin of 
pitchstone and trap, than the transition from that sub- 
stance to basalt, which is sufficiently common. The 
Scnir of Egg holds a place intermediate between the 
two. Nor are similar transitions rare in basaltic veins ; 
particularly where one traverses another of a larger 
size. In Sky and elsewhere, the basaltic veins which 
ramjfv through the hypersthene rock, become gra- 
dually finer in texture as they divide, until the minuter 
filaments are converted into perfect pitchstone. I: 
the same place, there is a large basaltic v^in gradua- 
ting into pitchstone at its side; and in Lamlash, where 
a vein of basalt passes through one of greenstone, the 
outer parts, to the depth of half an inch, arc formed of . 
a glossy black pitchstone. In some places, this oute|^| 
lamina is very decided and distinct ; but, in others, it^ 
graduates into the basalt of the vein, by an intenne- | 
diatc substance, resembling that of the Scuir of Egg. | 
And in one of the veins in this island, the outer part 
is a perfect and brittle pitchstone, while the inner is 
formed of the same intermediate substance. With 
this identity of geological relations and origin, there is ^ 
this important difference, that while veins of trap are 
very persistent, and are always connected with some 
fundamental body, those of pitchstone arc limited in 
extent, and have not yet been traced to a princip; 
mass. 
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Veins of pitchstone vary considerably in breatltb, 
ranging from luaiiy yards to a few inches; and where 
basaltic veins become pitchstone during the progress 
of ramification, they descend to the dimensions of a 
thread. In composition, they are not always tlie same 
throughout; many dilfercnt <|ualitics sometimes occur- 
ring in the same vein. In these cases, the most per- 
fect, or vitreous-like parts, are found at the sides ; 
and they present differences of colour, as well as of 
texture and aspect. Occasionally, like those of trap, 
ihey possess a laminar disposition, parallel to the vein ; 
and, in such instances, there is sometimes a change of 
substance where each lamina terminates ; the pitch- 
stone passing into chalcedony and into chert. In a 
few cases, they exhibit a prismatic tendency at right 
angles to their course ; while that which forma the 
Scuir of Egg is divided into columns somewhat paral- 
lel to its sides, but so placed with regard tothe planes of 
the vein, and so entangled, that the ends of many of 
them are extenuated by being compressed between the 
middle portions of those adjoining. 

The internal structnre of pitchstone is various. Oc- 
casionally, it is uniform, breaking in every -direction 
ahke, with a fracture more or less perfectly conchoidal, 
or flat, or splintery, or imperfectly granular, or com- 
pounded of two or more of all those. In other civses, 
it presents au internal concretionary structnre; the 
concretions being irregularly spheroidal, or prismatic, 
or cylindrical, or lamellar of different sizes, and either 
straight or curved. In a few instances, the prismatic 
concretions are jointed, with surfaces alternately con- 
cave and convex ; each joint sonictimes also contain- 
ing a central atom of felspar, or of a white enamel. 
Through the spheroidal structure it passes into Pearl- 
atone, as I shall immediately show ; these being here 
considered as varieties of one rock ; though f(»r the 
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details of these and other modificatioDS 1 must refer 
to the Classification. 

Pitchstone presents many other remarkable analo- 
gies to trap in its structure. It is often porphyritic, 
containing imbedded crystals or irregular grains, of 
felspar, and, occasionally, of f|uartz also. This is an 
interesting circumstance in its history; as it is found 
only in the unstratified rocks, with the exception of 
porphyritic gneiss and schist, or in those which in- 
trude among the truly stratified substances, in the 
form of veins. The porphyritic structure is indeed so 
common in the pitchstones of Scotland, that the in- 
stances of it far exceed those of the simple rock ; par- 
ticularly in Arraa, Jt is rare to fiiid any ntass which 
does not in soTue place contain imbedded crystals, oc^H 
at least, rounded and irregular grains of felspar. ^H 

Admitting, as now demonstrated, the igneous origin 
of trap, a remarkable circumstance occurs in some of 
these pitchstones, which, together with its other ana- 
logies, equally indicates the igneous origin of this rock. 
Nothing indeed of this peculiar and demonstrative na- 
ture has occurred, even in any of the porphyries which 
have come under my examination. In the porphy- 
ritic examples in question, tlie grains of felspar are 
rounded, but irregular ; retaining the usual plated 
structure in the centre, but gradually becoming con- 
fused towards the surface, and terniinating in a coat 
ing of white enamel, such as is produced by the fusion' 
of felspar. This felspar is, in some cases, the glassy 
variety, in others, the common ; and the change ou^ 
the crystal is precisely that which may be induced bj^| 
the regulated action of the blowpipe, while the smaller ' 
grains consist entirely of the enamel. These singuliu* 
varieties occur in Sky and Arran; and it is interesting 
to remark, further, the connexion which they possess 
with pearlstone. 
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[ti tracing the progress of common pitchstone to 
pearlstone, an ob-scure spheroidal coucretinnary struc- 
ture will first be found, whichj i)y an increasing dis- 
tiuctness of the concretions, causes them to pass into 
the latter substance. In other cases, the enamel grains 
are the centres of a spheroidal tendency ; and such va- 
rieties are imperfect pearlstones. In those of decided 
"inracter, the grains, or spherules, contain a central 
<'nan]el ; and these have been called pearlstone por- 
phyry. Further, in some instances, the enamel and 
the; investing pitchstone spherule seem to have entered 
'Qto combination ; the result being a pearlstone of a 
peculiar character, but in which the enamel grains 
nitty still, in some part or other, be discovered. Lastly, 
in some rare instances, as in Arran, the felspar crys- 
tals consist of successive concentric prisms : a layer of 
pitchstone being interposed between each, so as to 
ptoduce a compound crystal. 

The amygdaloidal structure, so common in the trap 
rocks, is so rare in the pitchstones, tbat only one 
instance of it has yet occurred. The specimen was 
from Baffin's Bay, containing zeolites, (mesotype or 
nadelstein,) and resembling, in all but its base, the 
basaltic amygdaloids. 

The decomposition of Pitchstone is an interesting 
pwt of its history. Though apparently compact, it 
contains a considerable quantity of water, and is thus 
frequently very tender and fragile, when not exposed 
to die air. In wet places, it is easily resolved into clay ; 
a circumstance, among many others, marking its com- 
plete distinction from obsidian, with which it has 
sometimes been confounded. But even when highly 
tender, it resumes its original firmness after being 
dried by exposure. Like some of the trap rocks, it 
occasionally betrays, on the exposed surfaces, marks 
of a concretionary stnictnre which vron\<\ iio\. o\)Aet- 



972 



PITCHSTONE. 



wise be aunpcctocl. Thus it desquamates in solul 
mists ; t\w only fhaiige which these have iindergoncij 
hfin^ the losM of their colour, causing them to rescmblaB 
whitt! cmiriu'l. This may possibly arise, as in granite, 
nutrrly from the effects of the atmosphere; but the 
Kiiinr ex()()sntT sometimes detects a btrncture which is 
Un(|Ui'.sti()nuhly iiit«'rnal, consisting in waving and in- 
tricate lilies, alternately dark and light ; proving that 
the nick c«)nsist8 of an intermixture of two distinct 
e(iin|ionnds, and further, that it has been contorted 
while it) a scnii-fJuid or flexible state. This fact may 
be added tt) its other analogies with the trap rocks, 
ill eoiifirniution of the opinion that, like those, it owes 
its origin to igneous fusion. ^ 

'I'he ordinary transitions of pitchstonc, besides those 
into basalt, are into chalcedony, chert, and semiopal. 
It appears also to pass into a substance not easily dis- 
tinguishable from the conchoidal shining jasper found 
among the clay strata that are entangled in trap or in 
vok'unic rocks; with which it appears to have bceitj 
habitually confounded. It is scarcely necessary tdV 
define it further than to say that it is distinguished 
from all other rocks by its viti eous or resinous aspect 
and that it differs from obsidian, with which it pos 
Bcssea in fact no affinity, by its inferior hardness. 

At this stage of such a work, it would be almo 

an insult to a reader to detail tlie variations of igneous 

urtion wlu'nce, with a common origin, pitchstoue dif- 

\ivVH from the pro])cr trap rocks. A different original 

limU'riiil, a quicker cooling, preventing crystal- 

Ijiasalion, fusion in .situ, and re-heating, will explain 

jvtiry peculiarity, from the independence of the veins 

[to the formation of pearlstone ; and the student will 

'iiruJic iiuiie by applying his own reasonings on the 

vlieiui^try of rocks to these appearances, than if I bad 

tKH'lljtlril some pages in explaining them. 
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Jasper, Siliceous Schist, Chert . 

As these tlirce substances are produced by thi' casual 
influence of heat on certain ordiiijiry strata of aqueous 
origin, oceuning also botb among the primary and 
secondary, I have, for the first time, introduced them 
into the system of rocks, as having been !)0th neglected 
and misunderstood ; while, by thus uniting them, they 
will best illustrate each other, as well as the philo- 
sophy of Geology. 

Our information respecting Jasper is very imperfect, 
as it has not received mucli attention from geologists, 
by whom also it has most commonly been misappre- 
hended; though mineralogy is not deficient in descrip- 
tions of its varieties. As yet it has not been found 
occupying large spaces, or forming mountain masses ; 
though carelessly said to occur in this manner in 
Siberia, where, if it has been thus conceived to possess a 
considerable extent, the leading mass has probably 
been some other rock, of which certain portions had 
assumed its characters. In this manner it does ac- 
tually occur in Siberia, and in the Apennines, in large 
masses iniheddetl among tlie primary strata j as also 
in Scotland, between Blairgowrie and Stonehaven, but 
on a very limited scale. According to Soulavic, it 
is found, in France, between granite and basalt ; a 
position, which, according to the view here enteitaincd 
of its origin, is as instructive as it is to he expected. 
Its peculiar situation in the Apennines, described by 
Brongniart, was already noticed. 

Under these circuaistances, I have been unable to 
derive from the works of authors, except in the above- 
mentioned instances, any information that could he 
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relied on ; while the name jasper has been applied in 
so THgne a manner as to lead to great confusion. Be- 
ing a commercial as well as a luineralogical term, it is 
impossible, without a sight of the specimens in ques 
tion, to understand always what is intended by it. ] 
is a sufficient example of this laxity, that even the cal- 
careous stalagmites of Sicily have been called by this 
name ; but it will be useful to point out a few of the 
substances indiscriminately included under it. Sili- 
ceous schists, whetbcr from the primary or the secon- 
dary strata, have been called black jasper and striped i 
jaiper, according to their colours ; as have the co- ' 
loured cherts produced from argillaceous limestones 
accompanying them. The cherts coloured by chlorite , 
and by the brown oxydes of iron, being modifications 
of that chalcedony which forms heliotrope and brown 
carnelian, have also been enumerated among the jas- 
pers ; as have veinstones consisting of fragments en- 
tangled in coloured chalcedony or agate, together with 
many other hard stones, which, with an uniform tex- 
ture, possessed an aspect more or less earthy, and an 
ornamental appearance, whatever may have been their 
origin and mnnexions. Further, it has been applied 
to the highly indurated clays of a fine texture which 
are associated with trap without belonging to it, and, 
more rarely, with granite ; as also to real trap clay- 
stones when presenting the same peculiar characters; | 
yet being commonly liujited to highly coloured varieties. 
To these two last substances ought this term to be 
confined, as they cannot well be expressed by any 
other, and as all the preceding ones may ea.sily be 
ranked nnder the several heads to which they beloi]|M 
Thus the term jasper wilt become iiseful in a geolo^ 
gical view ; without innovation, and merely by limit- 
ing it to one of the best characterized of the various 
substances to which it is indiscriminately applied. If 
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used in this sense, it will be found to occur in different 
geological situations ; being evidently changed, like 
the siliceous schists, from a different original condi- 
tion to its present form, through the influence of trap, 
and sometimes also, of granite. 

The most obvious case of this nature, is where it 
occupies beds, of various extent, lying under masses 
t*f trap, or jnterstratificd with it. Here, its true orij^in 
»* often easily traced ; as certain portions of the same 
hetls will often be found to retain their natural and 
o»'igina! characters, from having been less exposed to 
tii*i surrounding influence. The analogy between such" 
jiiS|)er and those sean-artificial substances termed por- 
ct-liiin-jasper is very striking; and I need scarcely 
point out its resemblance in origin to those which 
occ-ur among volcanic rocks. The transitions of this 
variety are into the coloured clays which attend the 
trap rocks, or else into the argillaceous sandstones; 
while the qualities and the colours vaiy accordingly : 
these having formed the original beds, and this resnlt 
being an important fact in the history of trap also. 
Thus, a green clay, in Iceland, produces green jasper: 
in Sky, yellow and red ones, of a resinous lustre, ac- 
company beds of yellow and red clay ; and in Salis- 
bury craig, and at Stirling castle, where red and yel- 
low argillaceous sandstones have undergone the same 
change, the accompanying jaspers correspond to them 
in colour and in mineral character. In the latter, the 
resinous lustre is either wanting or obscure ; and thus 
it is easy to account for the various texture and aspect 
of this multifarious family. Those which have a re- 
sinous lustre with a conchoidal fracture and a smooth 
surface, have been confounded with pitchstones, even 
by mineralogists of reputation ; giving rise to the in- 
correct notion that pitchstonc was a stratified rock ; 
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and it affords nn pxrcllent example of the crrorM which 
jirise in gcolugii-al rrusonings, from an ignorance of 
the true charact(!rs of iniiienils ami rocks. On cxa- 
ntiuing the specimens found in collections, called Hun- 
garian pitehstones, it will be seen that the greater 
nninbcr consist of tliis jasper. It shoidd he snper- 
fluoiis to remark, tliat the same substances occur 
where trap veins pass throngli strata capable of under- 
going the same change. 

In the claystoncs of the trap family, the progress of 
induration ia commonly such as to cause them to pass, 
through various stages, to compact felspar, as it is 
commonly called. But, in certain situations, the same 
claystones are found passing into jasper; being highly 
indurated, without accpiiring the peculiar character of 
compact felspar. This alteration seenia to occur 
chiefly among the older cluystones and porphyries 
which accompany granite ; and there is no difliculty 
in tracing its progress, even into the porphyries tlieiu. 
selves, as the caosc must also be obvious. Thus there 
are foruunl porphyries with a base of jasper : while, 
as in every other case of such transitions, specimens 
of doubtful character become the inevitable conse- 
fpience. Such jasper also occurs among the sccon- 
diu*y claystones nhen in contact with masses or veins 
of other traps ; and lastly, as irregular masses among 
the primary rocks, oeenpying sitnalions analogous to 
porphyry or daystone, l>ut presenting no transitions 
into these, by whicli to indicate au identity of origin. 
If nevertheless it is probably the same, we are yet in 
want of information on ibis part of tlie subject. It is 
thus apparent, that jasper belongs, indifferently, both 
to the primary and seecnidary divisions ; l)ut it would 
he a needless nicety, in this as in other cases, to form 
two distinctions. 
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The forms of jasper necessarily vary according to 
iiie original characters of the parent substance. It 
soijietimcs occurs iu obscure irreguhir masses, like 
/iineatone or serpentine ; while, at others, it appears 
to consist of true strata. The foregoing remarks ex- 
plnin this latter form ; whih^ the irregular one must 
occur when it constitutes an incidental member of the 
overlying rocks. It is equally obvious how it may oc- 
cur, either among the primary or secondary rocks, iu 
siuall portions, of no peculiar form or character: 
thfsc being n^gulated hy the actual contact or in- 
Butnice of trap or granite at those places. It is also 
found in the shape of veins, sometimes very minute. 
Iq some cases, these seem analogous iu their origin lo 
trap veins ; as when basalt, iu the progress of ramih- 
CiVtion, becomes pitchstouc: in others they appear to 
bave been portions of clay entangled auiong trap, and 
iiidunited instead of lieing fused. 

Jasper presents some modifications of structure re- 
f|uiring notice. Such arc the indications of a sphe- 
roidal concretionary one similar to that which occurs 
HI siliceous schist ; and thus also it sometimes pos- 
sesst's, like these, a schistose structure. The conimou 
iilripcd and spotted jaspers proceed from these modi- 
ncations ; and it is thus easy to understand how it 
may often be didicult to distinguish between the sili- 
ceous schists and the jaspers. A minute columnar 
structure is sometimes also found, resembling that of the 
argillaceous ironstones, or ferrnginous shales. This 
is readily understood ; because these very shales are 
converted into jasper by the contact of trap, and the 
h'luits between the two are often undefinable. This 
columnar structure is occasionally peculiar, being 
divided by protuberant joints, and striped parallel to 
tlie axes, so aa to reseiuble mudreporttt; luvit^Vviue^v 
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The large columnar structure formerly mentioned 
occurring at Dunbar, is very instructive ; because the 
original beds consist of shale and sandstone, and the 
different jaspers which result from the induration of 
both, remain as distinguishable iis the original sub- 
stances. 

I know not how to frame a satisfactory definition of 
jasper; but, in general, it may he conceived as an ex- 
tremely indurated clay, of which certain varieties ap- 
proximate to hard pottery, and others to porcelain. 
Having no predominant texture, it is equally frangible 
in every direction ; and though the fracture is gene- 
rally minutely granular, and the surface arid, it is oc- 
casionally splintery, or even conchoidal; while the 
minuter fragments may even be translucent. It is not 
easily confounded with any rocks, except the indurated 
claystoncs or the pitchstones. From the intimate na- 
ture of their connexion, it cannot always be distin- 
guished from the former. From the latter, it is more 
easily discriminated, by the abaence of the resinous 
lustre and peculiar transparency of the fragments ; 
although pitchstone sometimes approximates to it in 
aspect. If Nature has not created definite boundaries, 
it is in vain for mineralogists to attempt it. For the 
varieties, I must refer to the Classification of Rocks. 



Siliceoiis Schixi. 



So thoroughly has this rock been misapprehended 
by geological writers, that I inust„ aa usual, limit 
these remarks on it to my own observations. That 
"flinty slate," as it is called, can have no claim to be a 
leading rock in the system, as has been stated, will be 
immediately seen. It occupies two distinct situations ; 
the one among the primary, and the other among the 
secondary strata ; appearing, in both, to be an accij 
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dental or local variation of those schists with which itj 
's associated, and owing that change to the influence 
of other ncighbourina; masses of rock. It is equally 
onnecessaiy, here, as in the case of jasper, to form 
two divisions ; although the characters of this sub- 
stance differ in the two classes. 

When siliceous schist occurs among the primary 
strata, it forms a portion of the beds of argillaceous 
scliist with which it is connected ; and as these vary 
in their general characters, it presents corresponding 
differences. It does not appear ever to form extensive 
masses, as has been asserted, or to be an independent 
rock, like argillaceous schist. This error has arisen 
f«'om deducing the nature of such a mass from the 
examination of a casual specimen ; or from investi- 
gating those few beds only of a body of schist, which 
happeued, from their situation, to put on this cha- 
rUfter. If the position of that portion of any mass of 
PHmary argillaceous schist which exhibits the cha- 
'iicter of siliceous schist, be examined, it will be found 
to lie iu the immediate vicinity of granite or porphyry, 
w^hether in masses or veins, or of the more recent trap 
•"ocks. If, in any case, such causes are not apparent, 
'^e know that these intruding rocks often he imme- 
<i'i\tely beneiith the surface, though invisible, and have 
**f ten been removed, by posterior waste, from the places 
^^liich they once occupied. Numberless facts occur- 
tJiigin granitic districts prove that this is the true 
■^Heory of siliceous schist ; while it is confirmed by the 
^i^alogy of those found among the secondary strata, 
P*'oduced only when masses of trap come into contact 
^ith the soft shales. And, that the cause consists iu 
^•le action of heat, is justified by chemical experiment, 
*s well as by the peculiarity of their position with 
""Aspect to the igneous rocks, and by the gradatioa 
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through which they pass into the ordinary schii 
which they form a part. The connexions (if this kind 
of sihceous schist being regulated by those of the ori- 
ginal substance, require no further notice. But, in 
similar circumstances, the finer varieties of micaceous 
schist become also occasionally indurated ; and as some 
geologists have given to these the name of siliceous 
schist, it must he recollected that such varieties will be 
found iu the same associations as the unaltered rock 
from which they have been derived. 

As I have, on every occasion, preferred the foun- 
tain head of all authority to the quoting of authors, I 
shall here refer to some examples in Scotland, in con- 
firmation of these views. They may be seen in Arran, 
on the skirts of Cruachan, and in Kirkcudbright and 
Abcrdeenshires. But the promontory of Busta in 
Shetland presents the most perfect illustration wkich 
can be desired. In this spot, a body of slate is tra- 
versed by granite veins originating iu a neighbouring 
mass ; and the progress of the change, with the rela- 
tion which that bears to the proximity of the granite, 
19 every where distinctly visible. In many places, this 
has insinuated itself in a direction parallel to the la- 
mina? of the schist, so that detached specimens appear 
to consist of alternate layers of tvich rock ; while 
there is also a gradation from the common argilla- 
ceous schist, through the sihceous, to a hornblende 
schist, as formerly noticed under that head. 

The siliceous schists which occnr among the secon- 
dary rocks, present somewhat greater varieties of cha- 
racter; with certain essential diderenccs, besfjcaking 
their origin even more forcibly than their cotmexions 
in the case of the primary. They accompany beds of 
shale which may alternate with limestone or sand- 
stone, and can easily be traced into them through a 
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pgular gnuliition of hardiipss. They never occur cx- 
"o'jjt where sueh strutit are in coiituct with masses or 
Veins of trap ; displayiiigr the most perfect chiniicters 
iu tlieir iminediule neighliouriiood, or wliere a frai:- 
iiiGnt of the strata is entangled in u nutss of tra}). 
VV here the ori"^iutil shides iiltertmte with liirn-stones 
arid sandstones, corresponding aheratioiiM ueenr in 
tLiose suljstanccs also. The pure limestmies lieeuuie 
0"3^stall!ne, while the argillaceous are converted into a 
species of chert. The cuk:areous sandstones are also 
converted into other varieties of chert, as the purer 
become indurated, or, if uiych charged with clay, are 
c\ianged into an iniperfect species of jasper ; while the 
fint?r clays are souictimes also converted into jasper, as 
already noticed. If the original shale has contained 
shells, these are also occasionally found iu the siliceous 
schists ; though often deformed by pressure, or other- 
wise rendered comparatively obscure. When the shale 
lias contained bitumen, carbon is also found to be a 
loiisiituent of the siliceous schist. 

In general, the original form of the beds is pre- 
served, even where the change is so coiuptete that the 
substance cannot be distinguisln;d from basalt ; hut, 
ill other instances, the loss of form is complete. Hence, 
irregular and unstratified masses of trap result from 
thechanges which llie shales, or perhaps even the pri- 
mary schists, have undergone; and this luis probably 
occurred in many cases wliere we are nimble to trace 
It- The proof is fonnd, as formerly noticed, in nia.sses 
"f trap, or of porphyry, containing iiubediled frag- 
uients of schist, where the progress of tin; change can 
also he traced iu these fragments : the schistose struc- 
ture rem aiuing [jerfeet in one part, wdiile, iu another, 
it vanishes gradually into the irregular surrounding 
mass. And us tin; primary siliceous schists pasa into 
honiblt'ude schist, so do (iic sccoudary ouca uAo W"bAv. 
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of which liornbleiide is a constituent part ; the analogy 
of the respective causes being apparent, and serving 
to add to the proofs already given, that the influence 
of granite and porphyry in the one instance, has given 
rise to those changes of character which, iu the other, 
have been produced by that of trap. 

Examples of siliceous schist in the situations uow 
described, are well known in the trap districts of Ireland. 
In Scotland they are freqnent; but the most satis- 
factory examples occnr in the Shiant isles and in Sky. 
In the district of Trotternish (Geol.West. Islands), the 
gradual change from shale to Lydian stone, the dis- 
tance to which the influence of the trap reaches, the 
corresponding effects on the pure and on the impure 
limestones and on the clays, are snch as to afford a 
demonstration of the causes, as perfect as if the same 
substances had been exposed to the action of ordinary 
heat. It is unnecessary to repeat the arguments which 
these facts add to the igneous theory of trap : nor how 
the occurrence of the same appearances in the same 
kinds of rock when near granite, tend to confirm the 
igneous origin of that rock also. 

It is plain that no general definition can comprise 
substances so variable as those which are ranked under 
this head. Even if divided into the two classes of 
primary and secondary, the difficulty is not removed. 
Though the prevailing varieties were described, the 
knowledge of the rock in nature must still be derived 
from the examination of its gcologieal connexions, 
from a comparison with all other rocks with which it 
might be confounded, and, perhaps, from a certain 
degree of that traditional information, conveyed by 
authenticated specimens, without which the knowledge 
of rocks and minerals will always be of ditftcult ac-s^ 
cjuisition. ^| 

J may however, remark, that the primary siliceous 
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i comuionly present the general aspect of the 
argillaceous ones, and possess a much greater degree 
of tnduiHtion, which, at the saute time, does not arise 
from the predomi nance of (jiiartz. It is necessary to 
avoid confounding' tlieni with the hard argtlhiceous 
schists which dt-rtvc lliat property from tliis uiineral, 
and which have often heen mistaken for real siliceous 
schist by geologists of reputation. It is now almost 
superfluous to ohserve that they often contain hnrn- 
hlcnde and thus pass into hornldcnde schist. Those 
of the secondary class are far more distiiignished from 
the shales whicli they accompany, and approximate 
more nearly to the igneoiTS rocks to which they owe 
their origin. But, even in these, the schistose, or the 
stratified disposition, can generally he discovered in 
"Jiture, though it may not be apparent in a hand spe- 
cirncD. If other substances alternate with them, if 
they present laminae of different colours, or contain 
organic remains, they are easily distinguished from 
the trap rocks, even when detached from tlieir con- 
t^exions. It is scarcely possible to confomul them 
^ith any other rocks ; from the whole of which they 
''»'e distinguished by their great hrittleness, the clean- 
tiess and sharpness of their fracture, and the absolute 
tiniformity of their texture ; the surfaces being fre- 
^^lently as fine and smooth as those of common flint. 
Ttat they sometimes contain the organic remains of 
the original shales, though nnich obscured, was al- 
ready noticed ; and thus have incautious observers 
described shells as found in basalt. 



Chert. 

If the very limited extent of this rock inay seem, to 
the superficial observer, to render it insignificant, the 
peculiai" ciicuuistauces under which it occurs give it u 
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liigh interest in the estimation of the pliilosopliical 
<;e(jlogist. If now first introduced into the system of 
rocks, it could uot have been omitted froiu au arrange- 
ment including jasper and siliceous schist; to which 
h h ititinuitely ulHcd, by its trunsitionjj, and by its gefl 
ulogical situcitiiin and origin. The reasons for adopt- 
ing this form were givcti in theClassitication of Rocks. 
Ah in the case of the siliceous schists, no general 
detiiiition of these cherts can be given. They often 
rescnihle very accurately the mineral of that name 
which is sio nearly allied to chalcedony and flint. In 
oihers, they may he compared to certain species of 
])oltery, with which they correspond in the cleanness 
and sharpness of their fractuie, in the uniformity of 
their texture, and in their hardness ; thus also, oftcu 
resend)liiig jiorcelain jasper. They aic most coui- 
inonly simple ; but, occasionally contain imbedded 
grains of quartz or felspar. Originating in limestone, 
the transition from that rock into the chert, is often sqB 
gradual, that no precise point can be assigned where 
the term indurated limestone is no longer applicable. 
It is repealing a preceding remark to observe, that 
where trap occurs in contact with a complex series o^ 
limestum', it will, in the same place, induce the crys- 
tallization of the pure beds, and change the argillace-' 
ons ones into chert ; a now superfluous proof of the 
HOnrce of this substance. ■ 

Chen, like jas[MU' and siliceous schist, occurs both 
in the primary and secondary classes ; and f<jr thesanie 
obvious reasons, since the earthy limestones in which 
it originates, are found in both. In the primary rocks, 
granite, or [>orphyry, as well ns recent trap, may pro- 
duce that effect wliich, in the secondary class, can pro- 
ceed from trap alone. To describe the geological 
situations of this rock, would be therefore to repeat 
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inrioli of what has iilrrady been said; as it is found 
in tile same situations, mnd very frrcjuriitly lU toinp;ii»y 
witFi. siliceous si'hi.st. This remark is however chiefly 
ap|>licah]e to the secondary division of that rock; and 
the x-rason of this wilbbe found in the generally supe- 
rior purity of tlie primary hnicston(>s; whence the only 
cluiT"» gc they can expei'ience from granite or porphyry, 
is tliat of crystallization. As however the priniary 
limostoncs are occasioniilly intermingled with siliccons 
an(\ arijillaccous matter, either in a state of minute 
inixtnre, or in that of a laminar altematioti, chert is 
soiinetinies found even among tliese. An attempt to 
the production of this rock is also often observed where 
"le process is still incomplete ; and it is eviiiced by the 
'extreme hardness which such limestones exliiliit in the 
^'cinity of granite ; hiit no deciiled instances of an cx- 
^^Hsivc and perfect transition from these into chert, 
flc»s yet occurred within my experience. From the 
■P^enliar manner in which granite comes into contact 
^*tb the stratified rocks, distinct beds of this substHUcc 
5*^*inot be expected in its vicinity, Tlie change to chert 
*^ the approximate limestones, is therefore irregular, 
*^cl limited to short distances from the phmes of con- 
^^*^c>t. This is visible in various parts of Glen Tilt, in 
'»etland, and in other places. It is easy to conceive 
^Ut beds of this roek might be formed by the contact 
* overlying masses of porphyry ; but I cannot cjuote 
•^y facts to the purpose. 

In the secondary class, the origin of chert is more 

**sily traced, and the quantity is, at the same time, 

*^Uch greater. Ihis arises, partly from the more ar- 

^'llacenus nature of the limestones iu this division, 

*^*»d partly from the mode iu which the trap rocks in- 

*"nde among the strata, in parallel veins. In what 

*"*-*^jject the heat may Inn'e been differently modi&cd 
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in this case, we liave no means of jndgint^. The chert 
of the secondary limestones may as readily be traced 
into these as the siliceous schists may into the shales : 
and they vary in aspect and character, as the huie- 
stones from which they are derived have contained a 
greater or less proportion of foreign ingredients. In 
many cases, the same Hniited specimen presents an 
alternation of the siliceous schist and the chert toge- 
ther ; the adhesion being produced by the causes to 
which both the substances owe their induration. I 
know not that organic remains have ever been found 
in these cherts, although they exist in the associated 
shales. From the phenomena, indeed, occurring in 
all cases where beds of limestone lose their form and 
original character, through their vicinity to igneous 
rocks, those remains appear always to vanish in these 
instauces ; or, at least, their forms are so changed as 
to be no longer recognisable ; all the materials of the 
rock having probably entered into one new combina* 
tion. Secondary chert necessarily occurs in beds, as 
the limestone whence it is derived does. Within my 
experience, these are not very thick ; nor is that to be 
expected ; since the influence of heat cannot be sup- 
posed capable of extending deeply through a bad con- 
ducting medium ; and since, in the accompanying sili- 
ceous schist, the change is often limited to a certain 
portion of the bed in contact with the trap. 

A species of chert is sometiuies also produced, as I 
have already noticed, by the same influence exerted 
on calcareous sandstones. The character of these is 
rarely so perfect ; and, not unfrequenlly, they can 
only he considered as varieties which have acquired 
an unusual degree of induration. Like the former, 
they occur near veins of trap ; hut the changes, as 
might be expected, are limited to a short distance 
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from the point of junction. In these latter examples 
also, it is frequently impossible to determine whether 
tliv roek ought to be referred to jasper or chert; a 
condition of things easily understood by recollecting 
t/i c very variable composition of the later secondary 
li rxicstoncs, wnd the overwhelminer proportions of ar- 
^i. llaceous and siliceous earth which they often con- 
I ti^in. If it is superfluous to note the support which 
ttiis rock also affords to the igneous theory of trap 
aTj<i granite, it is interesting to remark that the very 
same sul>stance is found in the vicinity of volcanic 
rocks, under simihir circnmstances ; as are siliceous 
scliists and jaspers, wherever the requisite original 
rocks have been present. These have been a great 
source of trouble to geologists and collectors, by whom 
they have been ranked with lavas ; a term too often 
adopted to save the trouble of investigation. That 
confusion, I have, I trust, now removed, among many 
more. 
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Gypsum, Rack Salt. 
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LTHOUGH Uypsuin h.is [tren r;mkcd among the 
rocks, it ought rutlicr, like Salt, to be considcivd an 
occasional mineral occurring among the strata ; but, 
presenting geological teatures of interest, it deman<ls 
consideration here, though, for its characters, I may 
refer to systems of mineralogy. It occurs both among 
the primary ant! secondary rocks ; but, while coninion 
in the latter, its existence in the former is so rare as to 
have been doubted by some geologists. ^H 

It is, however, described by Daubuisson, as forming " 
thin strata, idtcrnatiiig with micaceous schist, and with 
primary limestone, near Aosta ; and by Freieslelx-n 
and others, in other parts of the Alps. It has also 
been found imbedded in graywacke slate by Von Buch 
and Brongniart, in the Pyrenees, in Switzerlanil, and 
ill other places ; forming the transition gypsum of 
geologists. Under both a.ssociationa, the strata are of 
small extent; or the masses are so separated and 
mixed with clay, or with the surrounding rocks, that 
tbey cannot be considered as forming a stratum. 

In the secondary chiss, it is far more abundant, 
either in the form of persistent strata or of imbedde 
masses ; but is chiefly, if not exclusively, associate 
with the red marl. Thus it is found in various parts 
of Germany, France, England, Ilussia, and Spain ; 
appearing, in all these, as in other instances, to be 
peculiarly characteristic, like rock salt, of that parti 
ruliir dej>osit. They who liavc described two distinct 
formutioiiSy the one superior, and the other inferior to 
that rock, have probably generalized from local facts. 

1 he last geological situation in which gypsurn 
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orciirs, is in that tertiary scries fomid about Paris, 
and cKstiwhero ; altenmitiiig^, thrre, with argilhiceons 
and Crilcarcons marl, while lying inuncdiatoly above 
the liun^stonc, and i'ortiiing; distinct hillocks, 'l^bcre 
are llirce strata, separated by the same intervening 
luatorials ; the lowermost containing no extraneous 
fossils, while the middle one is remarkable for the 
remains of fishes, Lhc uppermost, sometimes exceed- 
ing eighty feet in thickness, and lying immediately 
below the soil, is still more interesting, as inckiding 
the hones of various land animals, formerly noticed, 
and amply described by Cuvler. 

Rock Salt. 

Altbough Salt cannot, more than Gypsum, be classed 
among the rocks, it forms a necessary part of the 
present enquiries. 

It is very widely distrilnited throughout the earth, 
as has appeared in the account of the red marl ; and 
its existence may often be surmised from the pre- 
sence of salt springs, lakes, and saline eillorescences, 
in countries where its masses arc not visible. It 
abounds in lM)gIand, having been long wrought in 
Chesbirc; while the salt springs of Northumberland, 
Durham, and Leicestershire, indicate its probable 
existence in places which the operations of the miner 
have not yet h-ached. In Spain, an extensive reposi- 
tory of it occurs between Caparoso and the Ebro ; as 
does a bed of five feet in thickness, accomiianicd by 
gypsutn and limcMtoiu^ at Valtierra. At Caritona, it 
18 extensively wrought, and is also found in La Manrha, 
near Burgos, and in other phices wliich I need not 
riiumerate. Rock salt, or salt springs which appear 
to arise from repositories of it, occur in many parts of 
France ; as at Salics, lo the south of riioulonse, at 
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Salinr and MontnioTal in the <li vision of tlic Jura, and 
near St, Maurice, not far from the regions of pcrpc^^ 
tual snow, ^ 

The salt deposits of Germany tire noted for thcir 
extcnt; commencing at Halle, and passing through^ 
Rfichcntall in Bavaria, to Haltein, Halstadt, Ischel, 
and ElK;nsel iu -Austria, till they terminate at Ansse 
in Styria. The same formations occur in Transyl- 
Vtinia, upper Hungary, Moldavia, and Poland ; ranging 
along the chain -of tlie Carpathian mountains for more 
tliaii five hundred miles, from Wiehczka to Rynniick^H 
Those oi Wieliczka and of Bothnia are celchratedf™ 
from the highly-coloured descriptions of travellers ; 
hut those who are desirous of real information, will 
■consult the more solicr details of Townson. 

Salt springs ahound in Hussia: and, iii the Crime'a, 
>in the government of Astracaiij and in other places, 
there occur salt lakes which are supposed to owe their 
origin to unknown repositories of that mineral. The 
country which surrounds the Caspian Sea, is every 
where impregnated with salt ; and, in Siberia, it a^^ 
found at Kolwan, likutski, and other places. It ap^| 
pears also to abound in Tartarian China, on the table 
land of Great Tartary, in Thibet, in Hindustan, and 
in Persia. Orrnus contains it in great abundance ; 
•and, iji the desert of Caramania, it is sulJicieutly com- 
mon and solid to he used in building. .^^ 

Limited as is our acc|uaiutance with Africa, the 
sands of the northern districts are known to bu in>- 
pregnated with it, so tliut the wells are often useless ; 
while here, as in many parts of Asia, the sand is often , 
red and accompanied by gypsum ; indicating that io^B 
connexions are the same as in all other parts of the" 
world. To the southward of Abyssinia, it is found in 
nolid masses ; as it is ou the mountains westward of 
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Cairo, oxtcnditig, according to Horneman, for many 
miles. The salt rocks of Tcgara, near Cape Blanc, 
are noted ; as are those of Had Delfa in the district of 
Tunis, of Baniba, and of Congo ; forming one of the 
most important articles of interior commerce in these 
countries. As in Caramauia, Herodotus informs ua 
that rock salt was antiently nsed in the desert of 
Libya for the purposes of building. 

It was already noticed that salt is found in Peru ten 
thousand feet above the level of the sea; and, on the 
western side of the Missouri, it occurs in difteient 
places, along a ridge of mountains extending for eighty 
niiles. Salt springs abound in Kentucky ; and the 
saline soils of northern America have long been cele- 
hrated for the resort of wild animals, and for the an- 
tient skeletons buried in their vicinitv. I need scarcely 
say that the geography thus detailed is nearly a repe- 
tition of that of the red marl. 

The disposition of rock salt is not rigidly the same 
everywhere, nor does it ever seem to form such conti- 
nuous strata as those of the accompanying rocks. At 
Tliorda, it is said to be found in horizontal and undu- 
luted beds. In Spain and elsewhere, thongh asserted 
to form continuous beds, and even mountains, more 
accurate examination has shown that these consist 
diit'fly of the clay and sandstone which constitute its 
rt-positories. The supposed strata of salt are thus, 
rather, strata of earthy matters, among which it is 
disposed in irregular portions of beds, and in shapeless 
masses of all dimensions, surrounded by the rocks 
and earthy substances with which it is associated. 

The disposition of the salt of Cheshire is rcmark- 
»l)le. Though the general mass appears continuous 
and compact, it is divided into irregular colunmar 
»lmpes, or into rounded bodies which appeat \w\v\v\iAV^ 
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to have compressed cacli other into polyrdral fignrcs^ 
That those are foriiu'd of tonccntiic troats, is prove 
by their sccrious; which (Msplay aiui]oi:ou!i lines ( 
colonr, arisini^ Jrotii thi' varyini|^ parity of the; iiiineial 
in the* ditfciTtit layers, disposed in the same itiannci 
as in the columnar sandstone formerly duscrihed. 

The position of rock salt in the jE^eneral series, has 
not, in every instance, hecn ascertained. Yet, in most 
parts of the world, it has either been found decidtdlj 
associated with the red marl, as already indicated, or 
I aj)pearing to have been oiiee united to this widely 
extended (hpt)sit. In Cheshire, the evidence is un- 
fjuestionable, as it is in many other parts of Europe ; 
and as, in Asia and Africa, it occurs with red sand, 
>and is often accompanied by masses of g;ypsum, it 
probably belongs to the same series, now decomposed, 
and often dispersed or obscured. It must, however, 
be added, that, in some parts of Europe and America, 
it passes the bounds of the red marl on both sides ; 
80 as sometimes to occur in the limestone beneath it, 
and at others in that above. lu some such cases, 
J where the limestones ah>ne have been visible, it has 
been described as belonging to them. It may, indeed, 
exist in tlicsc uithont occurring also in the sandstone, 
or be found where that is not present : but tliis will 
not materially affect its geological history, when we 
consider that it was the produce of partial actions, 
during the general period of a deposit which must, in 
the upper and lower parts, have been of nearly the 
6an»c diitcs as the calcarctms rocks in contact witli, 
these. \ 

The frequent occurrence of gypsum with salt, is thus 
explained; as this mineral is equalty associatc<l with 
the red marl, and as the beds of clay with \vhich it is 
intermixed are those which, in nnuiy places, form so 
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Inrge a part of the same series. The section given by 

I\>wnson of the mine of Wieliczka, is obviously no 

otlaer ; consisting of a. succession of clay, sand, marl, 

a/1 d sandstone, reaching to a deptli of two hundred and 

fo i-ty feet. 

Xt is not siirprisiiig that the origin of rock salt has 
be^Ti a subject of much cn(|uiry iitnong geologists : 
yet nothing like a rational theory has yet been oftl-red. 
It is far easier to ahaw that the most simple and ob- 
vioxis hypotbcsis is wrong or imjxirfect, than to pro- 
posse; a probable one. The origin of gyp.sam is not 
less uiysterions, even with ev(;ry conjecture ive can 
inalce respecting the presence and acidification of sul- 
phixr: yet this enquiry has never exeited the same 
;m?ciety. No rational explanation has yet been sng- 
gested; and I have none to ofter. lint we mnst seek 
for the greater ambition of geologists on the subject 
of Salt, in their wish to derive these deposits from the 
waters of the ocean in a simple and direct manner ; 
seizing on one obvious analogy only, to the neglect of 
other -possible modes of explanation. That it has 
heen the produce of the ocean, is possible ; since the 
rooks among which it is found are indebted for their 
*'xistence to the same source. Yet no obvious method 
ofacconntingfor its peculiar appearances or htnitation, 
Can be engrafted on that general admission ; while it 
Were as well for geology, and in other matters than 
this, if they who deposit pure rock salt in the Medi- 
terranean, at this day, wonld learn at least as much of 
Chemistry as the " Chemist" of three bine bottles. 
Tile desiccation of saline lakes will not account for it, 
'>erause subterranean salt is far more pnre tlian that 
wliich mnst be the produce of the evaporation of the 
sea. The mode in which it is disposed will not admit 
of this explanation ; and still less can any system of 
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evaporation account for the concretionary structure 
of the salt of Cliesliire. 

To these difficulties it must be added, that tlie 
depth of sea water required to produce, in this man- 
ner, some of the huger masses known in Europe, i^S 
incomprehensible. It might also be asked, why nia-™ 
rine organic bodies have never been found in or near 
it, and wherefore it is accompanied by gypsum. As it 
is, lastly, true, that the strata which lie above it have 
been deposited under the ocean, it is impossible to 
comprehend how, under these circumstances, evapo- 
ration could have taken place. The subject is beset 
with difficulties ; fortunately for the cultivators of a 
science, which would lose the greater part of its attrac- 
tions were there notliiug left to explain. As to the 
'theory which derives it from volcanic actions, it 
seems useless to discuss such a cjuestion, when D<]fl 
volcanic rocks accompany these deposits in the sand- 
stone, and when, with some very slender exceptions, 
deposits of salt are not found attending on this class 
of rocks. Were this the cause, it would remain also 
to be explained why it is limited to the red marl. 
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CHAP. XLII. 

Coal. 

As there are few subjects in tlie raiiffe of geology 
more important than t!ie iKit»r;iI history of coal, so 
there is none which has cxpeiifnced a greater share of 
attention. There is no vvaat of materials therefore 
towards a history of this substance, as it occurs in 
BritHin at least ; since these hnve been displayed u ith 
all the minuteness which attends subjects of ii;reat prac- 
tical interest. If geologists have not etjually done their 
tltify, the cause must be explained by those who have 
had opportuuities without profiting by thciu, where it 
liHS not consisted in the tlieories which have so long 
oppressed this science. But though a correct notion 
niay possibly be formed of the geological relations of 
coal in the British dominions, the information which 
*ve possess relating to its disposition in other parts of 
tlie world, is far too meagre to permit a confident 
"^iew of its entire connexions. 

The coal of the more recent secondary, of the ter- 
"^^iary strata, and of the alluvial soils, is described in 
"•^ Tic following chapter, under the term Lignite, in con- 
formity to the division of Brongniart rather than to 
"^liy own judgment; as some of that found under 
basalt, is also included under the same head, and as 
the remainder, improperly erected into a division by 
tbe name of basaltic coal, will come under review as 
part of the history of the ordinary deposits. It does 
Dot form a distinct geological variety; since the phe- 
nomena by which it is characterized are those of all 
tl>e secondary strata which are influenced by trap 
'ocks. Thus this cliapter is allotted to the history 
of tliat coal which occurs iuimediatelv after the moun- 
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tain linit'stone, iincl wlitcli luis Ijpeii, witli an improper 

exclusion, termed the Lidepondent coal. But jis m 

opportunity has yet ofTert'dj for considering that wliicl 

occurs among the priinnry strata, I must here give i| 

a place; tliat, iu this and the foUovviug chapters, thi 

I whoJe question rehittnir to this mineral iiiav be seel 

in one continuous view. 
I 

The connexions of prinuiry coal present very litt 
interest or instruction, beyond the ruere existence of 

this substance among printary rocks. It has occurred 
in gneiss, in micaceous schist, in primary limestoDc, 
and in a conghmierate rock said to belong to the pri- 
mary class. Thus it has been discovered in varioj 
parts of the continent of Europe, as in France, Noi 
way, and Cie-rniany; ])Ut as yet no example lias beei 
observed in the British dominions. In all these cases 
it forms very limited masses ; being, in some instances, 
in detached lumps ; in others, in forms said to resem- 
ble those of veins rather than strata. I need not say 
that a thin and non-persistent stratum is easily callct^j 
a vein. ^H 

The origin of thiij coal remains a matter of dispute 
among geologists. When the mineral carbonaceous. 
substances occur among the secondary strata, they 
commonly carry their proofs of a vegetable origin 
with them, as will he shown hereafter. If it may not 
be so easy to adnut this in the case of primary coal, 
it does not imply any impossibility. I have sbowu, 
ia former chiiptcrs, that organic animal renuuns d^ 
exist among the ]irimary strata; and as I need u^ 
repeat the reasmiings then given, this hint will sulfi^ 
for the possible explauatimi of the origin of priinar^ 
coal. Tiiat it should occur in limestone and in a cou^ 
glomerate, are analogies to its position in tlie sccoi 
dary rocks, of which the value is here obviuui 
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Adfiiitting even the liypotlictical supposition of tlio 
absi'iifc of dry I;ni(l in tliose leiiiote conditions of tlic 
tjlobc which produced the luore antient riiaririe ani- 
iJials, the existence of marine vegetables woiihl explain 
the formation of carhonaeeous matter ; as these arc 
known to he now forniini; deposits of ]ient. That 
theae vegetables actually occur, and even in the older 
schists, is now well known. 

Primary coal thus offers an analoiiv to the lignites 
of the npper secondary strata, rather than to tlie proper 
coal series ; nor, if I have succeeded in showing that 
\egetal)Ies might have existed in sonic antient states 
of the globe, i^i tliere any difficnlty in accounting for 
its occurrence. Organic animal remains might have 
been utterly destroyed by the revolutions which they 
have undergone ; but the indestructible nature of 
charcoal, when protected from air, exphiins, without 
difficulty, how VTgetable ones should have been |)re- 
aervcd, so as to have produced the coal of the primary 
rocks. 

But as long as the true nature of elementary carbon 
remains unknown, this questiou must also remain 
oljscure, or subject, at least, to dispute. Ji' tlie 
dtanioud be a mineral production from elementary 
carbon, primary coal nniy have the same origin. The 
existence of plumbago offers a parallel difficulty ; 
occurring, as is well known, like coal, among the pri- 
mary strata, in gneiss unti in argillaceous schist. If 
it he of mineral origin, primary coal, or antliraeite, 
differing !)Ut slightly from it in its essential nature, 
uiay have been derived from the same sources. Yet 
the coal of secondary origin, containing vegetable 
remains, is converted into plumbago by the iiiHuence 
C)f trap; as wood has In-eii in my experiments, and as 
cOal is, dculy, iu the irou-furiuiccs ; so that even the 
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pluiiibago of the primary strata, no less than the anthra- 
cite, might as well have originated in vegetables, as 
that each of them should owe an independent origin 
to elementary mineral carbon. But I need not 
attempt to illustrate further a difficulty of this nature. 

Yet I must here notice a fact of recent occurrence, 
and which may prove of great importance hi the ge- 
neral history of all coal, as well as of the merely pri- 
mary, should it have been truly stated. This is the 
existence of extensive beds of anthracite in Pennsyl- 
vania, found in wliat is said to be quartz rock by those 
who have examined the ground. If there is no error, 
in this report, it will prove the views here held out] 
from the analogy of quartz rock and the secondarj 
sandstones ; while it will thus also indicate anothe^ 
resemblance between those, and further tend to esta- 
blish an extensive vegetable creation occupying some 
parts of the antient globe ; connecting, at the same 
time, the more doubtful coal of gneiss and the oU 
rocks, with that of the secondary strata. 

I must yet notice here, some deposits of coal, of^ 
more recent origin than the primary, hut which dd^ 
not belong to the proper coal series. They are occa- 
sionally found in the old ird sandstone in Britain ; 
while a doubt may rest on some parallirl observations 
on the continent of Europe, from the confusion often 
made between that stratum and the red niarh This 
coal is partially wrought in some parts of Scotland ; 
and in Arran, it has a character approaching to that 
of anthracite coal. Thus also coal has been found in 
the mountain limestone, bnt in insignificant quantity. 
Both of these admit of the same remarks as primary 
coal ; but they perhaps serve to confirm the origin 
assigned to that, by establishing a perfect gradation 
of this substance through all the strata; while the 
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cscnce of organic remains in these rocks, iudicatea 
the analogous origin of the carbonaceous matter. 

The coal series which has been called independent y 
and the chief object of this chapter, forms the great 
repository of that mineral in Britain, though nut the 
exclusive one ; and its leading character is to occupy 
a geological position superior to the old red sandstone, 
and inferior to the new one, or to the red marl. 
Though I may have failed in truly classing under this 
head some of the foreign instances here tjuoted, piu"tly 
from want of accurate descriptions, and partly from 
unwillingness to doubt, without sufficient reasons for 
doubting, this is the noted deposit to w^hich the 
general remarks formerly made on revolutions of the 
globe, apply. From those general reasonings are there- 
fore excluded all coal beds which follow the red marl; 
though I have not attempted to do that in specific 
instances in this chapter. Theterni independent is mis- 
placed ; since it may be equally used, as it has actually 
been, for the superior combustible deposits, equally 
independent, under very different geological positions. 
As the beds of coal are found accompanying and 
alternating with stratified rocks, so they are also dis- 
posed in strata parallel to them. These strata are in 
every respect analogous, in their forms, dispositions, 
and accidents, to those of the rocks with which they 
occur. In position, they are horizontal, or inclined 
at Various angles, often highly elevated, as is the whole 
scries; circumstances which often lead to their dis- 
covery, or facilitate their working ; but which also 
frequently carry them out of the reach of mining 
operations. To name instances of these A^avious posi- 
nons, would be superfluous ; and if practical miners 
have dwelt with undue stress on these and the other 

I accidents to which they arc subject, it must be attri- 
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hutetl to the riiiturt: of their peciiliitr pursuit, and to 
their limited geological knowledge, or their ignorance 
of the disposition of the other stratified suhstances in 
nature. The philosophieal geologist views, in them, 
exciiiiplea only, of general laws which hiivti iuHuenced 
the forms and dispositions of all the strata of the 
earth. 

As the coal strata may be simply inclined, so they 
are frc(|uently cnned : a common fact in all rocks, 
but often of great value in a practical view, as rest«)r- 
ing to the surfiice those beds vvhicb, had they been 
prolonged in the planes of their first inclination, would 
have plunged beneath the reach of the miner's opera- 
tions. Snch curved deposits sometimes produce sin- 
gle basins, under the same analogy ; the central parts 
forming a general concavity, and the edges appearing 
in various places around the circumference. 

Similarly, they present continuous nndalations, 
more or less marked, accompanyiiig, Jis might be ex- 
pected, the general undulations of the associated rocks. 
From this cause, or from mere disturbance, they are 
sometimes fonnd disposed in convergent or divergent 
strata; offering circumstances of great practical luo- 
nicnt wlierever they occur. Of sinjilar importance 
are the ordinary fractures, to which the beds, in com- 
mon with the rest of the strata, arc liable. As is usual 
among other strata, such fractures are attended by 
shifts; these being either simple, or accompam'ed by 
veins nf other materials. In practice, they produce 
the sudden elevation or depression of the stratum in 
which the work is carried on; the consequencei, in 
either case, being generally a source of luuch labour 
and expense. 

The thickness of a coal stratum varies, even from 
less than an inch, to ten or twelve feet; hut 'it rarely , 
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r.weds two or throe, and is, more often, imitrli less. 
It is fn'([iK'ntly also viiriiihlc in tlie sauie bet!; and 
llius particular strata become extenuated till tiicy dis- 
appear. Sometiiues these beds have a schistose Htrrie^ 
tiire; in other eases they are massive; and, in lioth,. 
tlicy are often divided, like the argillaceous schists, by 
joints more or less parallel, at angles to the planes of 
their stratification. W heie beds of ciial have assumed a 
.more regular prismatic or columnar structure, this has 
occurred only in the vicinity of trap, us I shall soon 
uotiec. But in (ilainnrganshire, where this rt)ek is 
iJor found, specimens occur, of a t-ingnhw concretion- 
iuy structure, presenting fibrous projecting rtdge.s 
liisposed in a manner precisely resembling the madtc- 
porile called brainstoiie. 

If single beds of coa! sometimes occur in one place, 
tliey are more frequently repeated in alternation with 
tlie rocky strata by which they arc enclosed. Such 
repetitious have been known to amount to thirty and 
upwards, as in Derbyshire and Northumberland; but 
they are seldom so numerous. Alternations extending 
from three or four to twelve, are mure frequent; and, 
'n lliese collections of strata, the beds are, not only 
"iii'qual in tbJckness, but very tiitFerent in tjuality; so 
'liat, citber from this or tlieir insignihcant tjuantity, 
't mrely hap [lens that ujore than two or three, even 
"U eon.sidcrable series, are worth working. 

It must have been already understood, from former 
ohscrvations, that the coal series is not every where 
found among tbe secondary strata, bowevi-r steady its 
I'liice may be where it exists, I)iit tliat it occurs in 
'linlinct tracts often « idely st'parated fVoin each other. 
Hicso are known, tcchnicidly, by tbe tirm coal fields, 
iind they vary in their cbaracters in dlilerent places; 
not ^nly in their extent and in their «te|>th, but in tim 
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order of succession of tlic integnvnt rocky strata, in 
the numbers and relative proportions of these, and in 
the numbers, tbickncssj succession, and qualities, of 
the beds ot" coal, They mnst therefore be considered 
as independent deposits, varying, as other local collec- 
tions of strata are known to do, and from analogous 
causes: namely from having been deposited originally, 
by independent actions, in separate cavities. 

The strata which accompany the beds of coal, con- 
tributing to form what is here called the series, consist 
of sandstones, shales, Hmeatones, and clays. The 
sandstones are the most abundant, and the limestones 
occur chiefly or solely in the inferior parts of the de- 
posit ; where a species of transition seems also often 
to take place between the proper coal series and the 
mountain limestone beneath it. The characters of the 
sandstone vary ; being, in some places, a conglomerate, 
but more frequently tine ; when it is sometimes com- 
pact, pure, and white, at others micaceous, or argilla- 
ceous, or ferruginous, and tender; occasionally also 
containing pyrites, and often blackened by carbona- 
ceous matter, or else including distinct fragments of 
charcoal. Hence it also presents various colours. The 
beds themselves are either massive and thick, or di- 
vided into thinner lamiuEe by intermediate clay or 
shale, so as to descend even to the tenuity of roofing- 
slate. At the lower part of the general series, this 
sandstone is often a conglomerate, intermixed with 
shales, to which the name of millstone grit has been 
given in England ; and, in this, limestones also occur. 
These resemble the inferior, or mountain limestone, 
though commonly more bituminous, and of a blacker 
colour. ^M 

The shales vary much in aspect and hardness, pas^^ 
ing at length into clays equally various, and somctimi 
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contimiint; bitumen, carbonaceous mutter, lUid vege- 
table fragments. In the clays, imbcddetl nodules, or 
distinct strata of argillaceous ironstone often occur, 
and in conspicuous qucmtities ; farming the principal 
supply of ore for the iron- foundries. Galena and 
blende are sonictiuies found with the ironstone, as is 
pyrites iu the coal itself, as well as in the accompa- 
nying strata ; being the not infrequent cause of spon- 
taneous combustion. When porcelain jasper exists, 
it must be considered as a casual and artificial mineral, 
produced by this cause. The most singular, as the 
rartst mineral, observed in this series, is that injflam- 
"lable substance called Hatchetine, imbedded in very 
small quantities in the ironstones. 

Thouirh the coal series is situated between the older 
and newer red sandstones, it is impossible to give an 
universal description of its geological connexions. The 
exact relations, distribution, and number of the strata, 
throughout even Europe, are far from being satisfac- 
torily ascertained ; and as to the world at large, our 
Ignorance is still greater. The difficulty has been mucb 
increased by confounding^ the upper deposits of coal, 
Jiere ranked uk lignites, with those of the present 
scries; the mineral alone, as is too common with ge- 
ologists, having formed the chief object of atten- 
tion, to the exclusion of the geological characters and 
positions. I must therefore limit this description to 
liritiiin, where the subject has alone been accurately 
studied; and thus, supposing the series complete, the 
^Id red sandstone and the mountain limestone are fol- 
lowed by the coal series, to which succeeds the mag- 
"csian limestone and the red marl, and, subsequently, 
'*«cli other strata as may be present in that particular 
tract. 
Now it is essential to remarkj that the old red aaud- 
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stone, the mountain limestone, and the coal series, are 
all disturbed ; being elevated, undulated, and fractured, 
in various ways, as I have often already been com- 
pelled to notice. And it must similarly be recollected, 
that a n.cw order commences with the magnesian lime- 
stone and the red marl ; or that they are placed on 
the coal series and the inferior strata, in an uncon- 
formable position, while the lower substance also pre- 
sents that conglomerate structure which, every where 
throughout nature, accompanies a new order in rocks. 
' Hence the first three deposits have often been 
united, as forming one class, and as if they had under- 
gone but one disturbance, common to the whole, 
fiut from the former remarks on this subject (Chap- 
ter xxi.), it is plain that the coal series is really dis- 
tinct, in time and production, from the inferior strata ; 
and hence cannot be always truly conformable to them, 
though the last general disturbance is common to the 
whole. If geologists have not, practically, always 
discovered the complicated relation between the coal 
series and these inferior strata, it is because this pre- 
vious view of that necessity has not been taken. The 
examination is not easy; and where great disturbances 
occur under such circumstances, it is natural to be 
content with that which the previous opinions seem 
to point out as the real state of things. It is to be 
expected that future observations will confirm the 
facts thus stated as necessarily existing. 

With respect to other and remote countries, it is 
dillicult to anticipate what the exact position of this 
series, if it really exists in other parts of the world, 
will be. That, at this particular period of the globe, 
it should have been produced in Britain, or here, and 
in a small portion of Europe, only, is not probable ; 
as it would form an exception of such nmgnitude and 
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importance, and as we have no renson, from our 
knowledge of the other strata, to expect one so singu- 
lar. We might therefore extend the general analogy, 
and expect tn find the same series, if it should oc- 
cur widely, following the lowest red sandstone, or 
at least inferior to the newer one, or to the saliferous 
strata. But iernorant as we are of the earth at larffC. 
ai>d uncertain wiiether its greater revolutions have 
been all simultaneous and general, it might be dan- 
gerous to make such a rule exclusive. Thus we must 
be content to wait for further information ; and at 
least till geologists have learnt to distinguish more 
accurately among the secondary strata, and to give 
their true placets to all those deposits of coal which oc- 
cuf above the saliferous sandstone, here separated 
firom the present series. I must only remark, that as 
the inferior strata are sometimes absent, and as the su- 
perior ones are often similarly wanting where coal 
occurs, this series may still essentially correspond, in 
other countries, with that of Britain, even where the 
same exact order does not take place. It must remain 
for geologists to extend their examinations far more 
accurately and widely, before a satisfactory account of 
the subject, tlms imperfectly sketched, can be produced. 
In an (economical light, founded on this view of 
the coal series, it is now proper to observe, that it 
must be frnitlesu to search for coal below the old red 
sandstone, and, generally speaking, beneath the moun- 
tain limestone; as, to mine after primary coal would 
be a wild project. It is almost equally useless to seek 
for it in those strata. It is also unadvisable to at- 
tempt it, even in countries displaying the upper secon- 
dary strata at the surface, where Indications of coal 
do not exist ; as it can rarely he known what the 
.superincumbent depth is, or whether, even if that were 
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there are twenty sandtone beds, besides alternationi of 
shales and clays. In the Durham and Northumber- 
land coal-6eld, forming u mass 4,03.5 feet in depth, 
there are said to be thirty-two beds of coal, sixty-two 
nf SHndstone, and, towards the bottom, seventeen of 
limestone; the remainder consisting of shales and clays: 
a bed, or pseudo-stratum, of basalt being in one place 
interposed, as an adventitious and accidental rock. One 
foot and a half is an averajrc of the thickness of the 
coal beds, and six feet the largest dimension. It is 
ntinpcessary to give more examples of the disposition of 
coal in England. 

In Scotland, there arc but two coal-fields of this na- 
ture; and, as far as I can here venture to mark a diffe- 
rence, it is that the proportion and range of the coal 
beds in the total series is less than in cfjuivalent spaces 
in England. In gencralj the usual alternation of strata 
sncceeds to the red sandstone, and to a limestone ana- 
logous to the mountain limestone of English geologists. 
But this h sometimes absent ; so that the coal series lies 
immediately on the red sandstone. But the strata which 
follow it in England are here wanting; so that it is the 
uppermost ivher« it exists; though small portion* of 
the inagnesian limestone and of the red marl have been 
said to occur in some places. I need not give special ex- 
wnples of recorded variations, especially as I am by no 
means satisfied of the correctness of the observations. 

In Ireland, the Connaught coal strata lie, similarly, 
on a body of limestone of various character, sometimes 
'nterstratjfied with sandstones, and following the lowest 
redone: the series terminating upwards in the shales . 
8nd sandstones. In the Leinster district, a similar 
limestone is said to repose on the granite, and to be 
followed by a corresponding succession of beds. But 
1 need not enter into farther, and sometimes dou\>\Svs\. 

X 1 
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ejiumeyations, as they aftbrd no geological instruction ; 
while the information required by the miner demands 
all till' minuteness ofioeal details. ^ 

A few words on (he geography of coal deposits, afl 
this is found in authors, will not be misplaced ; though 
it is probable that vei-y few of those which exist in the 
world are known. If, for example, the coal strata of 
England lie, in the south-eastern tracts, beneath the 
enormous masa of the superior strata, they may equally 
exist in many other countries, where, from the posi- 
tion of the. stratii, their depth, or the want of external 
indications, they arc little likely to be found or sought. 
If tl>e British islands possess one of the most exten- 
Hive deposits of coal yet discovered, that of the Low 
Countries, including a considerable territory near Ljege, 
is the next iu importance in Europe; bearing a con- 
siderable resemblance, in its essential characters, as it 
is said, to that of Britain. It is also found at Marien- 
burg in Misnia, at Pccsvar in Hungary, at Rotten- 
Imrgh in Silesia, at Bilin in Bohemia, and in upper 
Styria: and further, in Langucdoc, in Artois, and in 
Anvergne, as well as in other parts of France : being 
worked in forty-seven departments of the empire, and 
traced in sixteen others. In America, it has been 
observed in different places, and wrought in some : as 
at Cape Breton and in Newfoundland, in upper Loui- 
siana and in the valley of Bogota. One of the naost 
antient accounts we possess of coal is that of Marco 
Polo ; and it is now known to exist in the province of 
Canton and in that of Kiangsee, as well as in Tartary, 
w'herc its use was long ago understood. In the Bur- 
man empire, it accompanies the celebrated bituminoas 
wells, In the Wtddai mountains it is found near 
Borowitsch, and it has been discovered and wrought 
in New South Wales. It is probable that nothiog ii 
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ranting in many other parts of the world, but 
knowledge, industry, wealth, and the stiiniilas of 
want, to prove that it is a far more common suhstance 
than it has hitherto appeared to be. 

Now, though 1 haTci given but a few of the locali- 
ties of coal quoted by authors, I have 3n])prc8aed many 
more, and ought assuredly to suppress some of these. 
.Many of theui are instances of the lignite formation, 
not of the coul series cinder review ; bnt the presjcnt 
confusion on this subject being inextricable, I shall 
suffer the few statements which are proved to require 
correction, to stand over to tht; next chapter. 

It remains to sav a few words respecting the deposits 
unpropcrly distinguished by the term BasaUic coal, 
equally applied to the lignites in similar positiona. 
If the peculiarities of these coal fields arc highly in- 
teresting to the miner, their geological differences are 
simple and easily apprehended. They are analogous 
to all the phenomena occurring where trap intrudes 
among the stratified rocks: the only fact deserving 
note here, being the pecuhar influence which these 
have exerted on the coal beds. They are found among 
tkese, either in the shape of intersecting veins, or of 
parallel ones, forming pseudo-strata; being accompa- 
nied by the usual disturbances, sufficiently described. 
It is in these cases that coal becomes charred, or co- 
lumnar, or is converted into plumbago; while the 
siliceous schists and indurated sandstones which often 
accompany it, arc analogous consequences from the 
8Mne cause. 

An arrangement of the varieties of coal having been 
given in the Classification of Rocks, it needs not be 
repeated here. The connexion of its mineral charac- 
ters with lignite and with peat, are important, both in 
a chemical view, and as illustrating the natural hiatocj 
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and origin of all the modes of coal. Bat that com- 
parison could not now be drawn without anticipating 
the history both of peat and lignite; and I shall there- 
fore defer it till that of peat has been given. 

The organic substances connected with coal, are, 
very predominantly, those of vegetables; as to the last 
it is indebted for its origin. In some instances, shells 
occur; as in Derbyshire. While some of these un- 
questionably belong to fresh water, many are doubt- 
ful, and others are thought as certainly to be marine. 
The genera Ammonites, Orthocera, Mytilus, Unio, 
Terebratula, and Lingula have been remarked, among 
Others ; and even the fragment of a fish has been 
observed. I have elsewhere pointed out the difficulty 
of pronouncing respecting the exclusive origin of any 
shell; though there is nothing in the theory of coal 
that should absolutely exclude marine remains. The 
most perfect vegetable remains are found in the shales, 
though they occur also in the sandstones. Yet if coal 
often contains carbonized wood, or portions of plants, 
of which the interior organization is sometimes visible, 
or so abounds in charcoal that it pervades the whole 
mass, this will, I believe, be found the case rather in 
the superior, or lignite coals, than in the series und^r 
review. 

The progress of fossil botany is as yet so imperfect, 
and those remains are often so broken and obscured, 
that not much has been done towards their effectual 
description and arrangement. For that information 
which does not fall within the plan of this work, the 
reader must be referred to Sternberg, Schlottheim, 
Brongniart, and others, or to the abstract of Cony- 
beare and Phillips. It is sufficient to remark, that 
plants of aquatic habits seem to prevail among them ; 
the predominant remains being those of gigantic vege- 
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taJjles resembling equisetums, accotnpanied by others 
aaalogous to ft-rns and lycopodiums, and, as it is 
thought, to palms ; with some which appear to pos- 
sess no exact living analogies. The fluted and the 
scaly stems and trnnks, distinguished by the terms 
Lepidodendron and Syringodendron, are tlie most re- 
ffiarkablf, -Ah they are the most obscnre. The genera 
seem to be very limited, as far as they can be deter- 
niiiied from such imperfeet specimens ; but it is ima- 
gined that the species exceed three hundred, or ap- 
proach to four. How far they may be considered as 
tropical plants, I have already had occasion to en- 
quire ; while, when it is said that at this period of the 
•eiBth no dicotyledonous plants existed, and that the 
chief vegetable creation was a cryptogamous one, we 
cannot but be surprised at the minute progress »which 
philosophy has hitherto made among the cultivators 
of this science. The Geologists of a future world, 
whose researches may begin and end in a rock formed 
Oait of the Sheppey clay, will perchance determine, 
under similar reasoning powers, that the world pro- 
duced no plants but hazels. 

I la the sandstones, the most frequent vegetable ap^ 
ipearauce is that of concretions of sand bearing the 
impression of the trunks just noticed ; and, in these 
eases, while the woody matter of the tree has disap- 
pCiired, the burk is sometimes converted into coal. 
These are often compressed, as if by the siipcrincum- 
Unt weight, and are also recumbent ; but, there have 
also been found remains of trees similarly changed!, in 
an erect position, with the branches attached. 

Such are the organic appearances connected witli 
toal ; all of them bespeaking a terrestrial, not a sub- 
uiariiic origin, for the general series in which it is 
found. 'I'lieir aquatic nature ctiually indicates the 
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growth of these ve^tables in low moist forests, in 
marshes, or on the borders of lakes or rivers. In the 
repetition of different strata, we see tlie successive de- 
position of earthy matters of different natures, ufter- 
wurds consoUd<ited into sandstone or shale, or else n^fl 
inuining unconsolidated ; while the repetition of car- 
bouaevi>u9 beds, no less than the deposition nf vege- 
tHble strata alternating lA-ith the laminae of the shales, 
»ho^s that successive g:enerations of plants had fol- 
lotk'Cil suctx-'ssivc depositions of earth. To the saute 
rin^uunslnnces of repose, the solution of soluble eartiw, 
pr»'J»sure, and, it is possible, to heat, we must attri- 
bute equally the consolidation of the rocks and the 
rituversion of the vegetable deposits to coal, as I shall 
hereafter explain more fully. ,^m 

Altliough the vegetable nature of these retnahiV 
thus indicates the terrestrial origin of the series, th^ 
ftuhjaceut limestone contains nuirine remains. The^fl 
strata then, as I remarked under former general views, 
have bi;cu formed under the sea, of which the bottom 
inuMt have been elevated prior to the deposition of the 
coal hedt. That the vegetables could not have been trans- 
|iorCed fnnu their places of growth to that position, ^M 
no Icsj* proved by the integrity of the most deWcat^ 
hpteimens, than by the erect trunks of trees abovi 
mentiuned. Yet though assuredly formed on 
MUpruniariiie land, it may still seem diiUcuk to acco 
(or llui y;u'id thickness of many deposits, and for the 
rri't)ueui Jilicruations of rocks and of vegetable matter. 
I'he uKistcnce of deep lakes, at some period and under 
Vni'iiMiN modifications, is necessary to explain the phe- 
li^llliilia I tluMigh it may be difBcult to conceive the 
i\uil delnilH of the changes, and the condition of the 
♦tiirbire neccN'JHry for their production. In the history 
of I hi* luliM' huustral formatious there are analogous 
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tlifficnltk's ; yet, in tbis case, the necessity (if simikr 
changes is equally demonstrHted. But if, as I for- 
iiR'rly suggested, a gradual subsidence of the land 
during this condition of the earth is admitted, the 
difficulty respecting successions of Miy depth, ceases, 
as unnjual subsidences would tii<l in accounting for 
<iuf(|UHl depths ; while such a possible state of things 
ii* supported by the phenomena of Bandii already no- 
ticed, an<l by much more tliat 1 need not here repeat. 
It M not difficult to explain the presence of marine 
'xxiies, or even vf complete marine strata, if such 
there really are in any coal series. It is merely to sup- 
pow &« aestuary instead of a lake ; and it has already 
been ehowu that the mode of deposition, and thcaltcrna- 
tion of the substances, are at present similar in both. 
From the marine origin of the strata above the 
coal series, it has formerly been shown, that those 
parts of the surface which were once above the water, 
•aid which received the deposits of land vegetables, 
have been subsequently immersed beneath an ocean 
during the period of unknown, but great duration, re- 
fjnisite for the accumuhition of such enormous masses. 
The last change restored to the surface of the earth, 
and often to great elevations, those strata which had 
once before occupied it ; accompanied by all those 
which are found alxjvc it, and by many of those which 
lay below. Such changes could not have taken place 
without violence and derangement ; and to them we 
•oust attribute those fractures, dislocations, and flexures 
of the coal strata, no less than those of the other rocks 
which have undergone analogous changes. 

The ceconomical management of coal strata, and the 
•iftof mining them, form a subject foreign to the ob- 
jects of this work ; and they may be found in nnme- 
'■OM treatises written for that end. 
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Lignites. 

In coafomiity to an accepted ariangeuieut, which I dp 
not iipprove, yet do not at present choose to depart 
from, tlie present chapter inchides every couibu^tible 
deposit following the niagnesiaii hinestone. It coii;- 
priaes many which are iindistinguishable from .tjje 
former coal, both in general disposition and iu mineral 
character, together with tlie several substances which, 
are lignites in the mineral sense of that term : the 
latter forming an important object in the theory of coal, 
as being the link by which it is connected wiili peat. 

The gradation of geological relations from the " in- 
dependent" coal to the most superficial woody lignite 
in the upper alluvia, and thence to peat, is sufficiently 
perfect ; while from that through the old red sandstone^ 
we can pursue this gradation into the primary strata. 
But the mineralogical or chemical gradation is even, 
more complete: and, in thie respect, the woody lig- 
nites hold a station more nicely intermediate betwee^ 
coal and peat ; some of them approaching as nearly to 
the submerged wood of peat in chemical characters as 
in their appearance ; while, in both these respects, there 
are varieties at the other extremity of the series, scarcely 
differing from coal, and finally identical with it. I must 
however remark, that while almost every ligneous sub- 
stance found beneath alluvial soil, and bearing marks 
of bituminizatiou, is here ranked as a lignite, I have 
found it more expedient to class with peat the su]|H 
merged wood of the most recent alluvia, even though 
it should be slightly bituminized ; on account of k^ 
different connexions with that substance. S 

While the superior antiquity of the woody lignite to 
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peat is proved by geological position, it is also infirrrod 
from the bitnminizalion of the vegetable iiuitter : their 
production too appearing to have loug ceased, while 
that of peat is matter of daily observation. Yet tlie 
chemical nature of the former does not always corre- 
spond accurately with their anticjuity ; while the sul)- 
iner^ed wood of peat occasionally presents marks of 
bituminization,as just hinted. This difficulty, common 
throughout mineralogy, among associated substances, 
is an important fact in the history of these combus- 
tibles, though it may be a bletnish in a mere arrange- 
ment. Still the main distinction must be sought in the 
fact of bituminization ; of which peat at least, except 
from the casual admixture of bitnmen, presents no 
traces. And though these lignites may retain the 
fnarks of organization, so far, it is said, as to allow the 
difference between the monocotyledonons and the dico- 
tyledonous plants to be perceived, they are generally 
flattened or compressed ; as the submerged woods 
rarely are. 

If the boundary of the woody or organic lignites 
towards peat is thus somewhat indefinite, so is it in- 
definite towards coal. In a merely mineral point of 
view, however, the most obvious distinction would seem 
to consist in the mechanical rather than the chemical 
nature of the specimens ; at least of those at the im- 
mediate point of transition. In most cases, the woody 
lignites retain some marks of the vegetable form, 
though sometimes found in a pulverulent state ; 
whereas coal assumes the shape of a rock, even where 
it still contains the remains of vegetables. But this 
subject must be more strictly examined under the head 
ffPcat, where the chemical relations of the whole are 
"rought into comparison. It is sufficient that I have 
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here noted the transitions by which this production is 
couiiccted witb coal. These remarks, however, apply 
solely to those substances considered as minerals : the 
geological distinctions are sufficiently marked, as it is 
pluin, that under the present aiTangement many of 
the hgnitcs arc, in a mineral view, coal. '^ 

The varieties of the Coal ligjnites require no noticS^ 
and those of the woody ones enumeruted by mineralo- 
gists, are brown, or Bovey coal, eurturbraiid, jet, and 
Cologne earth, or pulverulent lignite. Of these, how- 
ever, the three first are not defined species, since th«y 
rathtT tend to graduate into each other; as Bovey coal, 
becoming darker and more bituminous, passes towards 
surtiirbrand, and this becomes undistinguisliable from 
jet. If the others are not always powdery, they are at 
least sufficiently tender to be easily reduced to that 
state. To these I should add the casual specimens, of 
no decided character, which occur among the various 
strata ; with the fragments of vegetables and fruits 
generally described among the organic substances. The 
origin and theory of the whole are similar; but as they 
are not of sufficient importance to require a separate 
detail, they may be considered as casual fosssils in the 
several strata where they occur. *> ^^H 

There are three obvious situations, sufficiently d^^ 
tinct, in which lignite occurs; namely, in alluvial 
soils, under stratified rocks, and connected with rocks 
of the trap family. But the importance of some of 
the deposits requires that the stratified rocks should 
be distinguished by their more rigid geological con- 
nexions. I shall here omit the coal which occurs in 
the red marl, since it was already noticed in the last 
chapter. It ought, indeed, in strictness, to rank here; 
but being unimportant as a deposit, it is sufHcient to 
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have thus named it among the following more coospi- 
caoas examples of this substance. 

The lowest in order is that which lx*longs to the 
lias and oolithe series, which, for the present purpose, 
may rank as one. Though some geologists have Jbeen 
unwilling to admit of more than one such deposit \ye- 
neath the chaJk, there can be no question that there i.t 
a second, which may he referred to tl>e green sand. 
The third is situated above the chalk, ia the plastic 
clay,^ aad the last is tliat which uecnrs in the autieni 
alluvia. I might indeed refine on this divisiooy by se- 
parately eimmeniting those whirlj have been descrihert 
VDthe fed marl, in the musrhelk^ilk, and iu other posi- 
tions, through the whole scrie» above tha magrtesiita 
liirtt'Stone, as we might aiho find other deposits in the 
strata above the plastic clay. But such rctincmetrt ap- 
pears unnecessary^ except for local ]>arposes ; and it 
will \t% sufficient to hiLve thus indicated such less im- 
pocWnt aaid marked examples. To tltesc must be 
aiided those which, thoogh not forming extended de- 
posits, are important from their characters and posi- 
tioBSy. while not fidling into any of the preceding divi- 
U00&. Occurring avurOng the trap rocks,, tln-y have 
been called Ijasalik coal ; but as this term, efpally ap- 
plied to the ordinary coal seriesi whei-e intevru.pted by 
tiap, has pfodm-ed, confusion, the name of basaltic lig 
nit€ is preferable; Vokan-ic lignites, such as that of 
Iceland, need not be rfistinguislied from this kind. 

From t]»e confusion whicli has been nuide between 
the coal beds here classed with lignite, and those of 
tlie proper coal series, it is not possible, or not safe, 
to quote examples in illustration of some of them ; 
nor ia it even in my power to produce adequate de- 
scriptions. A more perfect set of observations is yet 
uantiDg, and, till then, this sketch must be doubtful or 
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imperfect. Yet, by thus giving ihe geography of the 
chief known lignites, these places will form points of 
reference in case of error, ivnd in lien of the descrip- 
tions which are yet wanting. Fiitnre and more accu- 
rate geologists will hereafter be enabled to separate ill 
described cases from the genuine coal, and complete 
what I must leave imperfect. It must always be re- 
membered, that as these deposits can be distingtiished 
by the accompanying strata, so, with strong resern- 
blancesj there is this distinction between them and thfl 
true coal series, that whereas the latter rarely contain 
marine remains, these arecomnion in the lignites. 

Deposits of lignite coal occur abundantly along the 
western declivity of the Jura, in the south-west of 
Germany ; abounding chidly in Westphalia, and be- 
ing wrought in the Buckeburg, as they are also in 
Coburg and to the east of Spittelstein. Near Qued- 
linberg and Pirna, the same substances are scattered 
through the sandstones. It appears that, at Coburg, 
they belong to the C|uadersandstein, as seems also the 
case ill other parts of the tract above mentioned; so 
that we must perhaps adopt a division prior to that of 
the lias and oolithe. In Istria, they occur in the oolithe 
abundantly, passing into coal at Carpona and in the* 
island Veglia, where they are wrought for the use of 
the Trieste steam boat. It is to the same series that we 
must refer what is called the Kimrneridge coal of Eng- 
land, consisting rather of bituminous shale than of true 
lignite, and also that of the Cleveland district of York- 
shire, Such too is the coal field of Brora in Suther- 
land, of which the singular position on the granite has 
been noticed elsewhere, and further, that of the West- 
ern Isles of Scotland, occurring in the lias, or in that 
and the oolithe conjointly. 

These deposits call for a somewliat more purticulj 
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tihf only I)ecau8e tbey arc "national" ones, 
in thoir instructive fHtficulty and sinirnlarity : 
le geological stndent rnay learn a much needed 
I lesson, if, in noting the confidence and ease with which 
■ they arft now descibed by those who, formerly, conld 
nelthei' sec nor understand then», he ishall extend his 
Tier's of lYiovality, and also reflect that the fame built 
on the lahoT\r8 of others is as perishable aa it i« little 
creditable. On the western coast of Scotland, ther«i 
are the' scattered fragments of this series, discoverable,' 
k nfc^n by the most slender and obscure indications, in 
I different parts of Sky, Rasay, Mull, and some other* 
P associated Islahds, and, on the mainland, in ISIorven ; 
finally terminating,' sotithvvard, in a far remote frag-- 
raent near CamplK-^lltown. To add to the obscnrity 
produced "by separation and distance, they are every 
where, except at the last place, entangled in trap, and 
I nftp^i deeply covered by it, so that they cun only be 
traced, in fconie places, beneath it, bytli6 moat slender 
anfl limited indications. And in Murvcn, such is the 
rwidt; of this interference, that minute and inv hisu- 
latcd beds of ooul are found perched on the summits 
of conical mountains of gneiss, covered by masses of 
trap; remaining as beacons to indicate what lias been 
itinoved by posterior causes, to add to this dilficulty. 
The details u'ill be found in my account of the Western 
Wands ; but the general deduction here required is, 
that there had once existed on this side of Scotland, 
»u extended deposit of the lias and oolithe series, con- 
tirinnig coal, and that these have been overwhelmed 
l>y trap, and, further, separated as they are now, by 
other causes on which I rreed not here again enter. 
On the east side of the same country, the similar de- 
posit, skirting the shores of Sutherland, has escaped 
the interference of trap ; but in all other reB\)cct.s \.V\e 
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series is t\te same ; while the scattered frogmei 
extend further than I originally thought it necessai 
to say; not foreseeing that iny own intended oniissioi 
in Scottish geology were ever to become a njeans ^ 
discovering iu what the knowledge of others consisted. 

Of the lignite which occnrs at Frankeiiherg, the 
geological position is doubtful; and it is found also i 
Thuringia, at Peraitz near Vienna, at Wolfseck, nea 
Haagen, and in many other places, where it is wrougl 
for coal; as is the case in Bohemia and Hungary; 
the mines of Buda, in particular, being remarkable. 
I cannot discover that the geological positions of 
these, and of some others which I need not quote, arc 
clearly understood; but it is certain that some of them 
have been mistaken for the true coal series. The 
same error seems to have been committed respecting 
that of Bornholm, of which the correspondences ex- 
tend wide over the north ; as is also true of that at 
the foot of the Apennines, which occurs in the Vicen- 
tin and Veronese, at Castelnuovo, and elsewhere, ac- 
companied by trap. Some lignite beds occurring in 
certain parts of America, seem also to have been si- 
milarly mistaken ; but I need not prolong the enu- 
meration of localities among such obscure examples. 
If I name that lately found in the north, at Melville 
Islands, it is chiefly on account of the presence of such 
a substance in regions, of which the vegetation is now 
so cramped. 

It seems now admitted by Brongniait, to whom 
ni indebted for these foreign examples, that the sup* 
posed coal of the south of France is a lignite forma- 
tion, occupying a higher part of the series than the 
last examples, and lying in the green sand deposit 
There are extensive mines of this in Provence, about 
Marseilles and Toulon, where twenty-eight bed* are 
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wrought; and it abounds also at Soissons, Eperuay, 
Laou, St. Paulet, and some other places in Francr. 
That of Aunecy in Savoy, which is also wronglit for 
coal, is referred to the same position : as is that of 
Pntzhurg and Lobsann, and that of Cologne, so well 
known and so often described. The principal deposit 
here, is thirty feet in thickness; and this locality is 
remarkable for its peculiar pulverulent lignite, so well 
known in painting. 

The immense deposits of Styria, and those found in 
the middle of the Alps, are supposed to occur chiefly 
iti the sands of the plastic clay; yet some examples of 
this nature appear to belong to a purely fresh water or 
lacustral origin. Those which abound in certain parts 
of Germany, as near Cassel and Meissner, arc con- 
ceived to appertain to a formation of this nature, 
though lying in contact with the magnesian J^imestone; 
a, situation, as 1 have formerly shown, not incompa- 
tible with sncli a gcohjgical position. Those also 
which are found in the basiu separating the Alps and 
the Jura, at Vernier, Paudex, Vevay, near the lake of 
Zurich, at Oeningen, and elsewhere, including all the 
steinkoliles of Switzerland, appear to be the deposits 
of a fresh water lake in antient times, as might be in- 
ferred from former remarks respecting this great lo- 
cality. Those of Sheppey, the Isle of Wight, Sussex, 
and other analogous places in England, must, on the 
contrary, he referred to the marine deposit, the plastic 
clay. Thus the lignites above the chalk Avould admit 
of being divided in the manner which I formerly pro- 
posed as to the tertiary deposits ; as they must be 
hereafter, when geologists shall have investigated 
these with more accuracy and discrimination. 

Having thus given such localities as seemed sulh- 
cient for examples, or for indicating the general posi- 
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been committed respecting them, I 

of what Httle is known with regard to the generaL 

tharactera of each class or division. 

The lowest deposit, or that of the oolithe, whicl 
may include all from the inagnesian liine><tone upwards' 
to the green sand, is more frequently akin to coaL 
than to the woody lignites, thongh the latter suhstan-j^ 
ces occur also in various forms. In some places, 
exists in the strata in groups of different dimensions 
or in scattered fragments, or else in thin and partial 
heds. In others, it forms reguhir beds of coal, of 
various, and sometimes of considerable thickness; an^ 
when theisC alternate with tlie shales, sandstones, mVi 
limestones, of the series, the superficial aspect is so* 
much like that of the regular coal series, that it is not 
surprising if it should have been mistaken for that 
deposit. This coal however is generally, or perhaps 
always, accompanied by woody lignites, commonly 
in the state of charcoal, dispersed through the accom- 
panying rock. In the example in Sutherland, one of 
the beds is three feet or more in thickness, whiHj 
another does tmt exceed an inch. The animal re- 
mains hitherto discovered are not numerous, but they 
are thought to be uiarine; and hence a distinction Iie 
been attempted between this and the proper co^ 
series, respecting the truth of which I must enquii 
hereafter. It is however probable that the supposec 
existence of marine shells in this last, has generally 
arisen from confounding it with the lignite coals 
under review. If I name niadreporites, ammonites, 
belemnites, ostreae and echini, I need not procee 
with this list, since the shells to be expected are tho^ 
which belong to the calcareous series itself. 

The Lignite, as it occurs in the green sand, is siud 
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to exist rather in heaps of fragmenta than in proper 
beds; but the descriptions of indivitlual cases are im- 
perfect and unsatisfactory. In the Isle D'Aix, the 
accompanying substances are sands, marls, and cherty 
flints, with quartz, agate, pyrites, and resinous sub- 
stances. The wood IS that of dicotyledonous plants, 
and it is said that no palms have been found. This 
wood is sometimes silicified, at others fibrous, or in 
the state of jet. Fuci also are said to occur; and 
the shells are all marine, consisting of nautilites, pec- 
tinites, gryphites, and others. With respect to these 
fossils, the same general rule may be applied as in the 
former case. 

The deposits of Lignite found in the strata which 
succeed to the chalky or in the tertiary formations, 
have recently experienced considerable attention, par- 
ticularly in France; though our knowledge of them 
is still necessarily limited. Their geological connex- 
ions suffice to distinguish them from those which 
belong to the inferior strata, or to the alluvial forma- 
tions; and their origin and causes are similar to those 
of the animal remains in the same situations. It is 
unnecessary to say that this lignite may occur in any 
of the strata of such a series; and equally unnecessary, 
here, to give more than this general indication; as 
the pccuHar cases inust be sought in local descrip- 
tions. But in addition to the accompanying strata, 
they are, in different places, attended by quartz, agate, 
calcareous spar, sulphate of strontian, pyrites, and 
hydrated iron ; together with amber, and imjierfectiybi- 
tuminisced resins, such as those of Boveyand Highgate, 

The lignites themselves are sometimes fibrous and 
woody, while, at others, they pass into jet, and even 
into coal; being, further, occasionally silicified. 
Leaves and fruits occur, together with the woody 
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Bteras of dicotyledonous and monocotyledonous plants 
The hilherto imperfect arrangement of fossil vegeta- 
bles, has referred them to terms, rather than genera,| 
under the names of Carpolilhes, Phyllitesj Lycopodit 
litlieSj Puhnacites, Endogenitea, &c.; nor need I quoti 
the more minute distinctions under which they have 
been arrang^ed. The large hst of fossil animal remains 
will be found in the often printed catalogues. 

The last division of the lignites is that which occurs 
in alluvial soils, and which seems necessarily limited 
to the more antient alluvia. The scattered specimens, 
of various cliaracter, dispersed in the upper alluvial 
portions of the tertiary strata, must be ranked in this 
division ; but we arc not uell furnished with recorded 
examples of this nature. I must follow the prevailing 
opinionSj in referring the well-known case of Bovey 
to this division, though not satisfied that it is a real 
instance of an idlnvial lignite. For want therefore of 
satisfactory observations, we can only conjecture gene- 
rally what the characters of such a deposit ought to 
be, and what are the accompanying substances. It is 
to he suspected that many of the supposed alluvia, 
containing amber and jet, described by authors, are 
rather cases of the tertiary strata beneath : the sands 
perhaps of the plastic clay, or other portions of these 
'deposits, having been mistaken for alluvial formations. 

There is another difficulty respecting the recorded 
descriptions of the alluvial lignites, lying at the oppo- 
site extreme. Among the nnmerous examples of fo- 
rests submerged untter alluvial soils, observers have 
not often enquired whether the wood was a true lig- 
nite, or was only that unbituminized substance which, 
essentially, is hut a motlo of Peat: being unacquainted 
with the chemical distinctions, which I first pointed 
out in the Geological Transactions. But in the on- 
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questionable cases, the wood is flatteiiedjas if from great 
pressure j possessing also those peculiar chemical pro- 
perties by which the lignites are distinguished from 
peat. In such situations also tiiey vary in quality; con- 
taining more or less bitumen intermixed with the pe- 
culiar compound which constitutes peat; white those 
which are most deeply situated are commonly also the 
most highly hituminized. The ease of liovey offers 
examples of this nature, if it be really one of alluvial 
lignite ; since the ditferent strata are separated by the 
loose matter which fills this valley, and the more per- 
fect lignites occupy the lowest positions. 

The depth of the superincumbent strataj and the 
number of dlternatious in these cases, present consi- 
derable variety ; but the recorded observations do not 
yet admit of any general conclusions deserving of much 
regard. The total depth at Bovey, is said to be seventy 
feet; this space including all the lignites together with 
the alternating beds of clay. In Iceland, the lignite 
appears to be generally much more superficial, and is 
found in the form of boards ; as if produced from the 
trunks of trees flattened by pressure. This is the va- 
riety to which the name of Surturbrand has been par- 
ticularly applied. Thiit of Bardestrand is found on a 
hill of moderate elevation, beneath strata of sand and 
day alternating with peat ; and here, as at Bovey, the 
upper beds are imperfect, the middle intermediate in 
'luality, and the lowest most complete. At Arnafiord, 
it is accompanied by shale, containing bones, with 
fragments of branches and roots. I need only add, that 
tte position of jet is sometimes analogous. 

It thus appears that the lignites buried under allu- 
vial soils, occur in the several forms of brown coal, or 
common woody lignite, pulverulent lignite, or Cologne 
^arth, surturbrand, and jet. To whatever different cir- 
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cumstances these variations may be owing, thp difFe- 
rences, in a chemical view, are very considerable, aud 
imply either a longer exposure to the causes by which 
the changes have been induced, or a much more ener- 
getic action of these. Yet, considering the uuineroua 
known examples of antient alluvia, the rare occurrence 
of lignite among them is a remarkable circumstance; 
since we cannot conceive that small portions only oi 
the surface were covered with trees at the period of j 
these deposits. Modern occurrences may perhaps 
however explain it; since in the numerous deposits j 
from rivers, or in the changes on sea shores, it is onlyj 
in a few cases that \ye find trees deposited in any con-j 
spicuoua quantity. 

It may be asked, perhaps, why deposits of woodl 
of a high antiquity do not always assume the cha-[ 
racter of coal, when antiquity alone has been sup- 
posed suiflBcient to produce the completely bitumi-l 
nizcd state of lignite. But, in fact, there is often j 
little difference between the chemical nature of such 
untient lignites and of coal; as is true even of jet, 
not always among the most antient in position. But] 
as I have already said, the true distinction of coal is 
its mechanical texture, or its rocky, or stony, cha- 
racter, and it is easy to inuigine how that might havei 
been induced under peculiar circumstances in which j 
some of the lignites may not have participated. It 
will also be found, that many varieties of coal, burn- 
ing with a peculiar fetid smell, of which I first pointed] 
out the cause, derive that property from participatiii^l 
in the chemical nature of the woody lignites ; con- 
taining a portion of that unchanged peat from which 
the fetid smell of these lignites is derived. Such 
coals are, in fact, mixtures of lignite and coal ; if such 
an expression may be used wbcj-e t\yo substances pass] 
into each other by imperceptible transitions; the form 
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antt Btructure jiiHtifying the name, cither of coal or of 
lignite, as it inny liappen, wliilc there is an identity or 
resemblance in the chemital churacters of both. 

The last geological situation in which the lignites 
occur, is among the traps ; while they have been in- 
correctly examined and described, as the facts have 
been also misapplied, to snpport au hypotlieyis re- 
specting these rocks. These have been culh-d bitu- 
minized wood, and basaltic coal ; but I have already 
given reasons for preferring that of basaltic lignites. 
They sometimes retain, iu a considerable degree, the 
chemical nature of vegetable matter, or peat ; giving 
out, on distillation, the particular volatile products 
by which the other lignites are distinguished, while, 
at others^ they are converted into perfect cotil. It is 
in the former case chiefiy, that they retain the vege- 
table form and structure ; bnt they do not always en- 
tirely lose it, even when they liavc become coal. 
They sometimes occur iu insulated fragments, or as 
portions of trees ; at others, they are accumulated in 
a particular place, so as to form small irregular depo- 
sits ; in which cases the vegetable form disappears, 
or becomes very obscure. When these are of consi- 
derable size, they often put on the rocky character 
with the chemical nature of coal, and are sometimes 
partially wrought for ceconomical uses. In one in- 
stance, in Moll, the specimen of lignite is a large por- 
tion of the trunk of a tree ; the vegetable texture 
being perfectly distinct, but the substance so tender 
as to fall into powder under a very slight force, like 
some of the specimens from Cologne. 

It is necessary to state accurately the connexion 
between the trap rocks and the* accompanying lignites, 
because this has frequently been used as an argument 
against the igneous origin of the former, on the one 
Land, while, by another party, it has, imdcv e<\vv8i. Wis- 
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apprehension, been supposed to prove that origin, and 
further to justify an analogous theory respecting com- 
mon stratified coal. But it will be seen that the facts 
prove nothing ou either side; while, tlie dispute is but 
one specimen out of many more in geology, founded 
on bad observation and similar reasoning. jM 

The lignites in qtiestiou are often found in the con- 
glomerates which accompany the trap rocka, coni- 
monly known by the name of Trap tuff. If I need 
not here describe the varieties of these, I must remark 
that they often rontaiu rounded materials ; proving 
some transportation, or motion, previously to their 
consolidation. It is easy to understand how frag- 
ments of wood may have been introduced among such 
materials, when loose, and how the whole mass may 
have been consolidated together. But this consolida- 
tion has not resulted from fusion, or from any high 
degree of heat ; as the very fusible sand in them 
could not have retained its loose texture in such a case- 
Although covered therefore by crystalline traps, as 
they often are, the included lignites have escaped com- 
bustion under their protection ; while the error of one 
parly has been, not to see what tiie real situation of 
the lignite was, and, of the opposed one, to suppose 
the tufo a rock of fusion ; ever unable to see but one 
cause for every thing, and that cause, fire. This fact, 
therefore, docs not prove that the solid traps have not 
been in fusion, but merely that the tufas have not 
been so foimed; of which indeed, there is sufficient 
other evidence. But, for the other party, it does not 
prove that the wood has been bitnminizcd by fire; 
from the action of which, like the surrounding mate- 
rials, it has been exempted ; while chemical reasons 
will hereafter bt; adduced to show that vegetable mat^ 
tor is not bitumiui/.cd by the action of fire alone. ^ 

In other casesj the lignites of trap occur in veins or 
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cnastiis m tne solid rock; as is the fact respecting the 
speciinni in Mull, rt'iiiarkuble for the erect position, 
as for the iiiagiiitude of the fragment. If, in these 
instances also, tlie lignite hus been said lo he con- 
tained in the solid trap, this is another bad observa- 
tion ; as the vein is always filled by a tufaceous con- 
glomerate, wherever these cases have occurred to my- 
self. And this, I doubt not, is the fact in all the re- 
corded cases ; where, either from superScial examina- 
tion, or ignorance, or from that tendency to overlook 
circiinistiinccs which disagree with a favourite hypo- 
thesis, this important circumstance has been neglected. 
In whatever manner such tufaceous cavities have been 
formed, it is evident that they have been exempt, like 
tufaceous beds, from a degree of heat capable of fusing 
them ; and thus have the accompanying lignites es- 
caped destruction ; if indeed destruction be that ne- 
cessary consequence which has been supposed. Nor 
is there any difficulty in seeing how a fused rock 
should have entangled a portion of a conglomerate in 
this very manner; as such a vein also, formed at first 
i» an ()pen cavity, might be sealed up by fresh erup- 
tions of fused matter. 

In the last position in which I have found a lignite 
iu trap, it has appeared to be imbedded in the solid 
rock ; which, were this truly the case, might present a 
(liflienlty as to the thearv of this family. But when 
strictly examined, it will be found that the substances 
111 the immediate vicinity of the specimen are not cry- 
stalline, but that some portion of shale surrounds it, 
Or that it lies among earthy fragments of those strata 
^'hicli have, by their partial fusion, produced the 
Pfincipal mass, as other portious have been entangled 
'1 it during its state of fluidity. And the luialtered, 
or slightly modified state of those substances, proves 
^W the heat has not been sufficicut to eftVct \.\\»i c:vi- 
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tire fusion and ultimate change of the original strata 
into crystalline trap ; so that, here also, the ligiiit 
have equally escaped. 

Even however if lignite should be found sui 
rounded hy a crystalline trap, it does not follow that 
the rock has not been in a state of fusion, or at least 
of softness, sufficient to enable its parts to assume a 
crystalline character. The sihceous schists beneath 
basalt often assume that concretionary structure which 
proves a softened condition of the same nature ; and, 
in such cases, shells arc often found entangled in the 
mass, sometimes deformed by pressure, as the lignites 
themselves are, yet retaining their integrity, with much 
of their original characters. Neither is the bitumi- 
nous matter of the strata dissipated in such cases ; 
since, the associated limestones and shales are often^ 
highly bituminous. Charcoal also, I need not say, 
indestructible by heat, when protected from air ; and 
though sometimes altered in chemical character by 
the loss of its hydrogen, it still retains its form. 
Hence then, even the woody lignites might remain 
surrounded by fluid trap till it had cooled, as coal 
also unquestionably does, where the ordinary coal 
strata are found in similar circumstances. If this par- 
ticular case has not occurred in trap, it is known to 
have happened with lava, so that the difficulty is com- 
pletely removed. In Italy, trees have been found ei^H 
tangled in perfect lavas, having burnt out wher^^ 
there was access of" air; and in the isle of Bourbon, 
the trunks of pabus have thus also been obscr\'ed 
wrapped in lava; the stony matter having further pene- 
trated the fissures so as to have assumed their shapes, 

Hence then might the lignites of trap often preseri 
their vegetable organic character, together with the| 
chemical nature, in considerable perfection; while, in 
other cases, they might be entirely converted into 



ne- 

i 



M 



MGNITES. 



.*W1 



cojuT In the Htrnitrs of Mfissner, the ivoody kinds 
are actually cli;in{;cd into toiil wlirn tln'y are in con- 
tact \rith biisiilt. I may uow barely say, tluit the de- 
gree oi pressure may have been sometimes suth as to 
prevent the entire dissipation of the volatile matters, 
and that the decree of heut and of pressure, haviiiji; 
been iuferior to tlio.sc retjuiied for the fusion of the 
lignite into shapeless coal, the vegetable structur'e has 
been preserved, as it would have been in charcoal 
under similar circunistiuiecs; while the form has per- 
haps also been preserved through the protection af- 
forded by unfnsed fragments or earthy matters entan- 
gled together with it in the trap. 

I have only to add on this subject, that as long as a 
sect existed to maintain that all trap rocks had been 
formed under the sea, every lignite thus connected 
with them was supposed to hnvv. been entangled in 
the same place. The problem was sufficiently difli- 
cult ; yet not conspicuous among the other difficul- 
ties consequent on this hypothesis. But as I have 
shown that these rocks have been produced under the 
same variety of circumstances which attend volcanoes 
it is easy to understand liow they shoidd have entan- 
gled fragments or deposits of wood imbeddeditfr-ter- 
restrial allnvia, just as modern volcanoes have done. 
And it is fmther plain, that, iis in the case of Meissner, 
the irruption of trap into strata already containing 
liguites might have produced similar appearances ; the 
clays or marls undergoing the changes which com- 
monly result from this cause, while the vegetable or 
coaly substances would thus become involved in the 
trap itself, or in the rocks which it had modified. 

These enquiries respecting the much misappre- 
hended nature of the basaltic lignites having involved 
the theory of that division, it only remains to enquire 
into that of the older and the alluvial ones ; and wklle. 
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I cannot admit that which has been hitherto received 
as satisfactory respecting the former, I must regret 
that I cannot make my own views as clear and con- 
vincing as I should desire ; for want of sufficieotl 
accurate and extensive observations- 

With respect to those beneath the lias and ooHthe, 
the explanation seems that which is ecjually apphcable 
to the coals of tlie old red sandstone and mountain 
limestone. Transported fragments may account for 
some ; while as I shall soon show that beds of peat 
are produced by marine phints, there is as little diffi- 
culty in accounting for partial beds of coal in these 
deposits, as for the greater ones in the regular coal 
series. But this theory will not apply to the deposits 
of coal in the oolithe and the green sand ; so often 
eq nailing in extent and importance those of the true 
coal series, while also resembling them in so many 
other particulars. Nor can I see that the received 
theory of transportation will account for all of them ; 
while it must he recollected that this is but a repeti- 
tion of the same thoughtlessness or ignorance whic^j 
had attemptud to explain the great coal series in^H 
similar manner, and w^hich I hope the present observa- 
tions on the whole of this subject have shown to b^H 
unfounded, even without a formal refutation. ^^ 

The imbedded plants are chiefly terrestrial ; and 
they are too often deposited in the same manner ai 
perfection as in the great coal series, to admit of tl 
belief in transportation. They must have been pi 
served where they fell : nor indeed could aught clsf 
account for accumulations capable of forming su( 
beds of coal. He who can imagine vegetable uialj 
ters, of whatever nature, transported from the land 
the sea, there sunk, there so often preserved in their 
characters, and there accumulated in partial beds, 
must have forgotten, as usual, to enquire of causes 
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those daily and visible uetions, of vvliich former ones 
conkl but have been the antetypes. If the Eicconipa- 
nyiog shells arc said to he marine, they offer no abjec- 
tion ; when I have shown the dithenliy of assigniiii^ 
this exclusive origin, and \s ben also it is remembered 
that the theory re(|nircd siu-h a belief, or assertioir. 
And though they were so, the foriniitiou of coal in 
marine aeatuaries would explain even this invented 
difficulty. 

J must therefore conclude, that the more extensive 
deposits of lignite coal, in whatever position beneath the 
chalk and above the i-ed uiarl, have been produced under 
circumstances analogous to those of the great coal 
series, while apparently on the margin of a sea or in 
aestuaries, rather than in inland lakes. But there arc 
no marks of a revolution with succeeding reversed de- 
posits, as in the case of that scries; and theivce an- 
other explanation of their present position beneath 
consecutive and parallel strata is required. This, I 
think, nity he sought in what I have already suggested 
as an rxplauation of the great depth of the true coal,, 
and of wliich the proofs have often already appeared. 
It is that gradual subsidence of land which admitted 
the sea to rise above any given portion, while the new 
deposits, in such a case, must have maintained that 
parallel order, which, under any sudden and perfect 
revolution, would have been impossible. If, in these 
[jr<'ater deposits, there should be local or oecaHioiial 
portions, formed of marine j>lants or transported ma- 
terials, they do not aftect the general theory, since 
they are explained in the same manner as the similar 
ones in the inferior positions. To say that a sub- 
sequent general elevation of the entire secondary scries 
brought the whole to their present places, is but 
to make an unnecessary repetition. And more minute 
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and accuritte observations tli.in Iinve ever yet been 
made, but wbitb the present new views will reinier 
easy, must detcnnine whether any modifications of 
this theory will be required for tlie separate cases of 
the oolithe and the green sand. 

There is little to add respecting the hgnite deposits 
in the tertiary strata and the alluvial fbimations ; or 
at least the reader ought not now to require explana- 
tions of these. A stratum of peat in the bottom or 
on the margin of an antient lake is now a bed of lig- 
nite in a lacustral series; and the marine one of an 
existing oeatuary is the type of a lignite in the plastic 
clay. The lignite beds of a marine deposit now re- 
mote from the present ocean is a submerged Lincoln- 
shire forest; and if there are scattered lignites in these 
several situations, there is antient transportation to 
account for them all, while the type is seen in the 
floats of wood buried in the alluvia of the great Ame- 
rican rivers. And such events, in antient timeN, may 
also account for some of the lignites in the aecondary 
strata, yet never for those which contain fragments 
deposited in a regular manner. The alluvial lignites 
may cither have been overwhelmed forests or peat 
bogs, or they may have been transported and covered, 
as in the recent cases just alluded to; while their dates 
and circumstances must be regulated by those of the 
alluvia. Volcanic ones may be of many ages; while 
it nmst not be forgotten that volcanoes erupt tufo and 
nind as well as lava^ and that thus have the papyri of 
Hcrculaneuin become lignites, approaching to peat, 
if not pure peat. And whether these more recent 
ones are to be coal or woody lignite, depends on their 
ages chiefly, if also possibly on other circumstances; 
while the fiirtber chemical facts necessary to this 
theory will appear in the next Chapter. 
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CIIAI'. XLTV 

On Peat. 



Though peat generally orcupit's tlie surface, it is 
souK'titiies covered l)y alluviib, us it occusiormlly also 
alternates with them, from causes suHieiently ohrious, 
hmndations often deposit beds of sand and gravel in 
liikes and aestuaries or on their iiuirsliy margins, as 
llieir distant repetition produces successions of this na- 
ture; while the same thing souiettmes happens ou sea 
shores, from the blowing of sahd, as in Holland, where 
tlie gradual rise of the land, from a (Hstaat pori<Kl, can 
be traced to this canse. Nor is pent limited to the land, 
htilcpendeutly of that wliich is of marine origin, there 
are many extensive submarine tracts, ou our own coasts 
as on those of the opposed continent, which have re- 
sulted from that subsidence of the land dcscrilx'd in a 
former chapter. If I need not note the topography of 
that which occurs over the whole world wherever the 
temperature is not too higli,the flat tracts of Holland 
and the Baltic present the largest continuous extent in 
Europe; while, ii» onr own »<shuids, it aijounds most in 
Scotland and Ireland, in which last, a recent surVey has 
reported a million of acres of " lx>g." 

Origin f Nature, and f-'arieties of Peat. 

Mc who has read the volumes written on this pro- 
duction, lias discovered that it is easy to write largfdy 
Oil ii subject without ehicidatitrg itj and that the most 
'iH'apahle is always the most interminable writer. It 
vould be a waste of time to examine the mixture of 
ignorance and mystery by ivhich every writer, without 
one exception, has laboured to obscure a subject so 
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simple tliat it seems iiiipossibJc not to have iinderstooc 
it: the best answer to ihe whole will be a simple de- 
tail of facts. 

Peat is produced from the ligneous matter of di 
composed vegetables, yet only within certain limits of 
moisture and temperature. But the former admits of 
considerable latitude; since it is generated under water; 
and on the drained declivities of mountains. The range 
of temperature cannot be exactly assigned ; hecausr, ii 
a hot climatCj it may be produced under water, when 
it would not be formed on the soil in the same phue. 
In the tropical regions, the decomposition ofvegctables 
is so rapid and perfect, that no peat is formed in thes^H 
situations, except in elevated places ; while, in the ' 
colder climates, it occurs even at the level of the sea. 
I formerly used this fact as an argument against the 
imaginary tropical nature of the plants of the coal stratj 

The varieties in the quality of peat depend chiefly 
on the sitnations in which it is formed, as these relate 
to moisture and temperature, and on the nature of the 
plants whence it is produced. Rejecting the distinctions 
of former w^riters, equally futile and insufficient, it ma^^H 
be divided into six kinds, namely, IVIarsh, Lake, Forest, i 
Maritime, and Transported Peat, though the limits of 
some of these are not always defined. The subordinate 
distinctions, from intermixture of situations, variatioi 
of drainage and temperature, differences of the origini 
vegetation, extent of dccouiposition, and intermixtur^™ 
of earths, do not here require notice. ^H 

In the simplest cases, Ptat forms a single stratum, 
on the alluvial soil or the nuked rock; while, in others, 
it alternates with sand, gravel, or clay, or with marl, 
or with the beds of shells whence this originates. Th^i 
latter case occurs in lakes and sestnaries, or in the plaii^H 
of tardy rivers; and thus it is sometimes deeply htiried 
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under an alluvial soil. Such prat was that of the ori- 
ginal marsh, or hike, in such a place; while the allu- 
via which hurictl it have, in some cases, prevented its 
renewal, by producing a non-vegetating soil, or one 
which has been brought into pasturage or cultivation; 
as, in others, successive marshes and productions of 
peat may have followed successive deposits of alluvia. 
And if alternating beds of marl or shells indicate a 
former lake more especially, pointing out not less its 
antient extent, so do such beds, when of marine ori- 
gin, prove those changes in the mutual boundary of 
the SL-a and land to which I have just tdluded. 

Mountain peat occurs wherever the drainage is 
rapid and perfect, and is therefore most common in 
nionntainous countries, though not thus limited. It 
is generally incompact, varying in thickness from a 
few inches to a foot or two, and rarely much more. 
In an agricultural view, it is often very important, 
from its great extent, and the facility with which it is 
brought into cultivation, especially when lying on dry 
moorlands ; though it is generally a worthless fuel, 
from its incompactness, except under the destructive 
practice of paring, as turf. 

The variety of extent and situation occupied by 
Marsh peat is very great, since it constitutes large 
plains and the smallest mountain bogs, and occurs also 
on the margins of lakes and aestuaries ; being, in the 
latter cases, often united to lake and to maritime peat, 
Ijy transition, inasmuch as the shoaling of each first 
produces a marsh. Hence considerable variations, 
and also much additional confusion of character, from 
the variety of the surface at different stages of its pro- 
gress; whence its transitions arc from the most com- 
pact peat of lakes to the most lax of mountain decli- 
vities, as the draiuiige has differed at different places 
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and periods. Thus also it often constitutes the well 
known bog ; remaining semifluid beneath, while beai 
ing, above, a matting of half decomposed vegetable 
or partial firm spots of living rushes or other plan 
This rush-turf, as it is called, is generally an imperfi 
peat, and often also covers a stratum of a perfect n 
ture, resulting from that drainage which is the solid: 
fication of a trembling bog. This is the peat in whi 
the Sphagnum palustre abounds, being its natural soil; 
hut extreme inattention or absolute ignorance alonf^tf 
could have assigned the origin of all peat to this nioss^l 
as has been done by numerous writers of presume^j 
reputation. ^H 

I may here remark, once for all, that every plant 
existing where peat is produced, contributes to its for- 
mation, and each in proportion to its hgneous mat- 
ter. Those of our own country ought to be too well 
known to require enumeration ; while, as tbey must 
differ in every climate, a catalogue would be equally 
tedious and useless. If our own peat is the prodace 
of our lacustral and marsh plants, that which laid the * 
foundation of coal was generated by those whose ana- | 
logics we trace in the present tropical ones. That ' 
there have been writers who considered peat a living 
vegetable, is but conformable to all the rest of the 
former philosophy on this subject. 

Lake peat presents an additional interest, arisii 
from that obliteration of lakes of which it is an auxi^ 
liary cause. But two distinct sets of plants are here i 
engaged, under two distinct processes ; so that the en- 
tire proceeding is more complicated than in the 
preceding cases : while, seeing the final cause, we can- 
not but be struck by contrivances to which, were they 
human^ the term ingenuity would most justly be ap- 
plied. The shallow portions produce floating plants, 
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snch as the Potamogctons^ that subside after flow- 
ering, to form a vegetable stratum, wliich receives 
constant additions from the Scirpus, -Lobelia, Snbu- 
laria, and others, destined, in another way, to the 
same oflice. These also, detaining sand and clay, 
gradually shoal the margins, so as to give a place 
to the semi-aquatic plants, bulrashes, reeds, and 
others, which, advancing from the edge, gradually 
geoerate a marsh, so as to form a place for a third 
class, till the process of solidification is completed. 
If, at other times, this last operation alone takes 
place, the final result is, in any case, the forma- 
tion of lake peat, passing into that of marshes ; and 
thtia finally producing those extensive ftat bogs, the 
nature and origin of which have been so much mis-' 
apprehended by naturalists as well as agricnlturists. 
I need not have noticed this error, but from its prac- 
tical importance to the latter ; negligent, or ignorant,- 
of that in which they are often so deeply concerned. 
It ij under this peat that shell marl occurs, as it is 
also the evidence of former lakes, or pools; and a geo- 
logical eye will generally detect the places of these, 
however long solidified, as the agriculturist may now 
learn to do tho same : and had the origin of peat been 
as well understood as it has been largely discussed, 
this valuable manure would not be the rare and acci- 
dental discovery which it now is. 

The next division is that of Forest peat, including 
submerged wood ; while if some writers have aa- 
signad this origin to all peat, no other answer than 
the present history is necessary. And in every case 
of this nature, the far larger portion is produced by 
plants subsequent to the fall of the forest, so as to be, 
in reality, a miirsh peat ; as, further, this is continu- 
ally forming in moist woods, from the fallen leaves 
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and hrancheg, and from growing plants ; so that thi 
species is always of a mixed nature. The ultimat 
fall of the trees produces the purely forest peat, givini 
the peculiar character to the whole ; while it depen( 
on other circumstances, whether such timber sh£ 
preserve the character of submerged wood : the chit 
of these being, a growth of peat siibsef|uent to its faliP 
so rapid as to protect it frotn the action of air and 
water. In these caaes, oak is often so well preserved, 
being sometimes also dyed black by bog iron, as to bifl 
applicable to the purposes of joinery ; and if the root^^ 
are often entire whcni the trunks have decayed, it is 
merely because they have been most deeply situated. 
This fact, with others, has given rise to the notion 
that peat possessed some mysterious antiseptic powers ; 
as these have been sought in tannin, which is casual 
and rare, and in some acid, which does not exist. The 
case is analogous to that of piles, and the solution the 
same, 1 need scarcely remark, that forest peat must 
vary in character, according to the nature of the trecsj 
the degree of decomposition, and the proportion oJ^ 
marsh peat; while, when most perfect, it is flaky, a^M 
schistose, retaining, more or less distinctly, the traces 
of the original wood. 

If I have not distinguished Submerged wood from 
forest peat, being essentially the same, the geological 
position of the former should prevent observers from 
confounding it with the lignites, as they have done : 
while, being of very different ages, they also differ in 
tlieir chemical qualities. In our own country, tracts 
of submerged wood occur in Orkney, Anglesea, Mann, 
Lincolnshire, and elsewhere. The latter are remark- 
able for their e.\tcut and situation, while similar beds 
occur in Holland : and near Modena, according to 
Ramazzini, there are two noted deposits separated by 
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a bed of clay coiitainui|^ marine rciiiaius. If it Las 
often been remarked, a3 if there was licie also some 
mystery, that the trees of such a deposit lie in one 
direction, this is but the consequence of the prevailing 
winds to which the fall of any snch forest must be 
attributed. In Lincohishire, however, many of the 
trunks are in their natural position : and I need only 
furdier add, that if observers have described such de- 
posits as if containing only trunks, branches, and 
roots, tbey always comprise the usual marsh peat 
which attends that of forests. And if such wood often 
retains for a longtime its original vegetable character, 
so, in otber cases, it becomes more or less converted 
into peat, acquiring a mixed chemical one ; while, as 
I shall hereafter show, a longer continuance of the 
saine action of water converts it into lignite. 

Maritime peat appears to have been almost forgotten 
by the writers on this snbject; but it is formed under 
the aea, by the Zostcva marina abundantly, while it is 
produced in another manner by the plants of salt mar- 
shes. It is abundant, under the former cause, where the 
aestuary of a considerable river is a deep fiord; the ex- 
tension of the shallow shores gradually also producing 
a salt marsh, when the last species follows. When 
purely submarine, it is often an important formation: 
the banks of Zostera detaining sand, so as to produce 
uars, and ultimately islands ; thus affecting the na- 
vigation of shallow seas, and o!)structing harbours; or, 
reversely useful, by consolidating sliilting bars and 
hanks. Thus also it often conimences the foundation 
or maritime plains; as, in Scotland, it is rapidly uniting 
*he islands of Barra and Vatersa. 

Inr these cases, it acts as the subaquatic lacustral 
plants do in lakes, by detaining earth; while the semi- 
"Wiitime plants which follow, ])roduce a marsh, and. 
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nltimately a meadow, just as the ordinary marsh plants 
do in the other situations. And as fresh water marl is 
produced in the one case, so do beds of maritime shells 
and fragments alternate with the peat in the other; as 
alteraatioDs of mere sand or mud are equally obvious 
of explanation. It is in Holland alone, as far as I know, 
that some of the deeper peat is derived from Fuci, such 
as the serratus and nodosus; and the Zostera oceanica 
has been found in Somersetshire with submerged wood. 
I have adopted the word Transported for the last va- 
riety of peat ; and, when cousolidtited, it is the most 
|>crfect, since it consists of the powder of this substance, 
depositetl by water, in cavities. Hence it is frequent 
in mountainous situations, in small patches : but I am 
not aware of any large tract in Brititin, except that 
pr\idut'od by the celebrated eruption of the Solway 
Mas.<^; though it is said to be common in many parts 
of KuroiK". 

On the Generation of Peat. 

It IH easy to trace the progress from the vegetable to 
pent, in the sections made for procuring fnel; consist- 
ing in ft regular gradation from the organic body, 
throtigh the half decomposed vegetable matter, to that 
Itdlid muss in which all those traces have disappeared. 
This is easily done in the peat of lakes and marshes at 
'|pANt| though, in all cases, the change consists in a pro- 
I »l<t<!(itivr decoiupusition, of which the last result is a 
fflowileri being, under the drainage of declivities or 
IhrculiiU' cxpujinrc, tlie heath soil of gardeners, as, under 
i^Mei'» il ^* tl>^' bhick mud of bogs. And this, being 
'(Iriod, i» "H elustic substance, resembling wood in nil 
\\\\\ loxtiires forming the best fuel, but being the Icaiit 
il for cuhivatioii: while the various modifications de- 
iu'lid on tlic gcuenUiiig plants, the degree of decompo- 
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ahion, and that of the drainage, as connected with time, 
position, and climate. If it is easy to trace the whole 
process in the Sphagnum palustre, it is not difficult in 
all the other plants: the former being a sort of im- 
mortal existence, through its offsets, succeeding to the 
death of the lower portions, while the other plants add 
annually to the heap of decomposing matter as they 
extend upwards; perennial under new prodnctions, or 
reproduced, as successive annuals, from seeds. Hence 
the increase of peat is constant, as long as there is a 
iiving surface ; yet under some variations highly inte- 
resting in rural economy. 

That of nionntain peat, for example, is steady; be- 
cause its texture allows it to receive the seeds of the 
same plants, though the living surface should be re- 
moved. Yet its growth is stopped by changing the 
vegetation ; as it is by calcareous manures, by burning, 
by the pasturage of sheep, and by the growth of larch ; 
the three former comprising the usual processes by 
which brown mountain laud becomes green pasture. 
The formation of marsh jieat is checked by its own 
grovrth upwards, gradually excluding water ; though 
it may continue to increase, as mountain peat, under 
somewhat different plants : as an entirely new vegeta- 
tion, whether natural, or artificially produced, causes 
it lo terminate for ever in a grassy meadow. It is ob- 
vious that the generation of forest peat ends after the 
fall of the wood which is to form it, though it may 
continue to grow as marsh peat : while that of the sea 
and of lakes terminates with the exclusion of the water; 
though, in each case, the process may continue by the 
git)wth of marsh peat, terrestrial or marine. To the 
formation of transported peat, there is no limit but the 
t^Siiation of that flow of water by which it was deposited. 
It is now easy to account for the naked and termi- 
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Bated peat-bogs of mountainous countries. With the 
exception of mountain peat, every spot once denuded 
veinaina naked, and therefore ceases to increase; while 
it is refractory to vegetation in proportion to its com- 
pactness. Thus do the excavations made for fuel re- 
ujain for ever at a standj except when, by retaining 
water, they give rise to a new vegetation through aqua- 
tic plants. And thence the practice, in rural cconouiy, 
of replacing the vegetating surface after excavating for 
fuel ; under which the increase proceeds as before. 

Though I formerly al hided to the time necessary for 
producing a given thickness of peat, the variations are 
too great to allow of any general deductions, notwith- 
standing the idle speculations of De Luc on this sub- 
ject. On the continent, it is said that a depth of seven 
feet was produced in thirty years ; while the often 
quoted cases of Drnmlanrig, Loch Broom, and Chat 
Moss prove nothing, since the depths are not recorded. 
It must indeed be plain, that no instance is a rule for 
another ; since the fall of a forest may produce a thick 
stratum in a short time, as the production in a fast 
shoaling lake and a luxuriant marsh must differ from 
that on a dry soil or in a deep water, as a small pit may 
fill rapidly, and as a transported bog may form a deep 
deposit in a single day. It is the same as regards cli- 
mate : since he who should make a Dutch marsh the 
rule for a Highland mountain, would produce conclu- 
sions as valuable as De Luc or Rennie. Instead there- 
fore of quoting cases, I shall suggest the necessity of 
careful observation on the nature and origin of any 
tract, before attempting to reason on its age ; as 1 
have sketched the preceding history, far too briefly 
indeed for any other purposes than those of geology, 
that I might clear the subject from all preceding my;^ 
tery and misrepresentation. Yet I must suggest, 
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arldttion, that such conchisions will often be more 
safely derived from the nature of the peat than its 
bulk, or thickness; the progress towards bitmninization 
always denoting antiquity, while its alternations with 
uUuvial strata will afford other obvious grounds of 
judgment. 

Considered as a soil, peat differs according to the 
sources of its production ; and thus it may be pow- 
dery, or semifluid, or spongy, or fibrous and semi- 
oi-ganic, or compact ; as, under these different condi- 
tions, its specific gravity varies, so as sometimes to 
eacceed that of water, when it produces the best fuel. 
It: is not within my limits to enquire into the tretit- 
ment and application of peat soils ; but it is always 
useful to correct error, and to reduce volumes to 
w-ords, by a recurrence to general principles. In a 
loose and powdery state, peat is already fitted for agri- 
culture; while, being soil and manure both, it is eter- 
nal. When compact, it will neither receive a seed nor 
transmit a root ; while, if wet, it is not merely averse 
to other vegetation than that which produced it, but 
^ill neither admit the tread of animals nor the ope- 
rations of the plough. Nothing therefore can well be 
more simple than the theory of its treatment ; which 
*8, to drain the wet and pulverize the dry. It is no 
Very abstruse matter to determine how these things 
niay be done ; while they who have produced their 
respective volumes on this subject, in Scotland, niight 
t>ave saved much writing had they enquired how na- 
ture assists, in England and Holland, in rendering peat 
* fertile soil ; though they should also have recol- 
lected that there are two elements in the calculation, 
the sun and the rains, which they cannot command, 
"esperting mixtures and. manures, of which more 
than enough has also been written, there is nothing 
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wliich is not obvious, or does not belong to the general 
principles of agriculture. 

On the Chemical Nature of Peat^ Lignite, and Coo 

Having given the reasons for uniting what could not 
have been separated without inconvenience, I must 
commence with the first of these kindred substances. 
The brown colour of mountain streams proves that 
peat contains an ingredient soluble in water, though 
small in quantity ; as it is formed also, only in the inci- 
pient stage of the process. Perfect peat communicates 
no stain to cold water, and but a slight one at the boil- 
ing heat. Having already questioned the imaginary 
antiseptic power of peat water, I may remark that the 
small quantity of tannin occasionally present is the 
produce of Tormentilla or other plants, and that when 
an acid dtjes exist, it is the acetic, generated during 
the formation of the hydrocarbonaceous compound, 
just as it is in the process of roasting, or incipient car- 
bonization. And if animal bodies have sometimes 
been preserved in peat bogs, it has not been enquired 
whether the soft parts were not converted into adipo- 
cire, as the effect of water merely ; as is probably the fact. 

On this soluble matter I must piemise, that when 
vegetable substances arc exposed to heat, the carbon 
and hydrogen, with some portion of the oxygen, and 
also of the azote, produce new combinations, under 
different proportions, which are partially soluble in 
water ; as is familiar in the case of sngar, malt, and 
coffee ; while acetic acid, holding some of this com- 
pound in solution, is also generated. Now the action 
of water is similar, though tedious : yet rapid in such a 
case as that of manure, compared to vegetables pro- 
ducing peat: while h«re also there are produced a so- 
luble and an insoluble compound; the latter beiuj 
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very conspicuous in the water of danghills, but much 
less so in the case of peat, ■where the dilution of the 
Hcid impedes this effect, as tlie quantity of water ren- 
ders it more difticnlt of discovery. In both cases, the 
aspect of the soluble compound is similar, when dried, 
as are the chemical properties ; but as I cannot here 
discuss the whole subject, I must limit myself to that 
^which is produced from peat. This is sometimes found 
interspersed with that substance, giving it a pitchy ap- 
pearance, and having thus been mistaken for bitumen; 
^vhile heing sometimes deposited in distinct masses, it 
has also been taken for asphaltum, which it resembles 
ir^ its colour, lustre, and fracture. Yet, though origi- 
T^ ally dissolved, it has ceased to be soluble, even in boil- 
iTig water; not only in this its indurated state, but in 
til at soft condition also in which it is first found. Of 
its other properties, I shall only add, that it is not so- 
^tible in ether, alcohol, or naphtha, the last circum- 
stance strongly marking its difference from asphaltum, 
and that it is heavier than water, and not electric. On 
distillation it produces the same substances as ordi- 
nary peat, viz. tar and acetic acidj while charcoal re- 
mains behind; thus provitig the presence of oxygen, 
though the minute (|uantity in my possession did not 
allow jne to ascertain the azote, as in peat. With 
alcohol, ether, and the fixed alkalies, the resuhs arc 
the Same as with peat : while both form a saponaceous 
^'ompound with the latter, as bistre, so analiigous to 
^fiis in its nature, does. 

It will iinmediutcly be seen that this substance in- 
cludes the basis of the whtde en((uiry as it regards 
peat : being, if I may so term it, the essence, or pure 
<^fteinical representative of that substance. Bnt as my 
o'yect is to explain the progress from the vegetalile to 
<Wiil, I must next eimuire of the relation of peal to 
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the bituininous lignites, as forming the intertnediate 
transition. It is true that the pecuhar quahties of 
peat have been attributed to bituminization ; but I shall 
prove that tliere is a complete distinction : nor have I 
ever seen a specimen containing bitumenj except under 
a very high antiquity, or from casual impregnation^ 
The limit between peat and bituminized wood is in- 
deed evanescent ; yet it is necessary to mark the boun^ 
dary wherever it ia possible, that the latter maybe ranked 
with the lignites. I must, however, here be brief; but 
I have formerly treated this subject very fully it 
the Geological Transactions and elsewhere. 

Chemistry does not yet possess any means of directly 
analyzing the hydrocarbonaceous compounds ; and I 
have thert'fore adopted the antient process of "destruc- 
tive distillation," under some care and refinement, lu 
the usual rude manner of proceeding, the results were 
worthless; as the products consisted partly of nc^dl 
compounds, and partly of the chemical elements pre- 
sent: with more attention, the former alone are ob- 
tained ; when, by repeating similar processes, the ele- 
ments themselves can be procured, or inferred with 
sufficient accuracy for the objects in view. Thus the 
progress of the change can be traced, from the vege- 
table, through peat to lignite, and finally to coal. 

If vegetable matter be thus treated, the volatile pro- 
ducts are acetic acid, oil and tar»; charcoal remaining 
behind ; but as the real nature of tar had never been 
understood, I must remark that naval tar is a compound 
of this substance and turpentine, as pitch is an analo- 
gous one, combining bistre and resin. By further di»jH 
tillation, the vegetable tar becomes thick ; until acquir- 
ing the consistence and aspect of asphaltum, it is the 
bistre of artists. In this process, according to the heat 
more tar is procured, or else, more acid and volatil 
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oil are given over ; while tbe bistre itself giving; out 
the Slime products, the finM reinaius are fharcoal, as 
before ; though, in the last stage, rurburetted hydro- 
gen alone is procured, as, by still urging the first char- 
coal, the produce is hydrogen, with the usual well- 
known change in that substance. The clieniical reader 
will understand the nature and causes of what I cannot 
here afford to detail. In the usual course manner of 
operating, just as in the wasteful practice respecting 
coal gas, two distillations are going on together ; and 
thus the produce is a mi.\ture of hydrocarburetted gas 
axid carbonic oxyde, while the volatile oil is itself con- 
verted into gas, so as to escape notice, as it had for- 
merly escaped discovery. It may indeed be obtained 
by- redistilling the tar, but is then dark and thick ; 
ax^proxi mating more nearly to that, as a greater beat 
is required to separate it, and thus maintaining that 
exact relation to naphtha which pervades the whole of 
tllese compounds as compared to tbe bitumens. When 
obtained by a low heat, it is as colourless and volatile as 
pure naphtha; under which name I perceive it is now 
sold for use, as it might have been ever since the dis- 
tiint period at which I published this "discovery;" then 
also pointing out the use of this " essence of smoke" as 
^ substiute for smoking in the curing of meat. Though 
of little moment for my present purpose, I ought also 
to add, that a small quantity of ammonia is also ob- 
tained; combined, of course, with the acetic acid. 

J need not be more cbcmically minute respecting 

^n analysis which I only want, here, as a fonndalion 

'*ii" the enquiry respecting the progress from peat to 

*^*>al. Sufficient accuracy for this end is attainable, 

"y attending, generally, to the proportions of these 

several substances in the two cases of peat and the 

"itauiiuous lignites. Commencing therefore with peat, 
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as the first remove from the vegetable, the results are 
similar, but the proportions of the products different ; 
becoming most sensible as the peat departs furthest 
from the plant, and being very decided in that which 
is perfect and inorganic. The proportions of the acid 
and the volatile oil are diminished, and there is a 
larger produce of the pitch, or bistre : so that, neglect- 
ing the azote, as here of no moment, the change from 
the vegetable matter to peat consists chiefly in a dimi- 
nution of the hydrogen and oxygen, compared to the 
carbon . 

Recurring now to the action of water on the vege- 
table compound, the resemblance of its effects to those 
of the incipient action of heat, will be jjensilile even to 
those who are but slenderly acc[uainted with chemistry. 
Under heat, the hydroearhoiiaceous compound becomes 
partially soluble in water, as in the case of coffee, 
while acetic acid is also generated, aiding in this solu- 
tion as far as it is not volatilized. In the ciise of water, 
converting the vegetable into peat, the same compound 
is produced ; while the differences are easily explained, 
as the chemical production ceases at an early stage of 
the process, and the ulterior changes are merely mei^| 
chanical. The acid also is carried off by the water as 
fast as it is formed ; aiding, however, in producing 
that solution which forms the brown water; while, 
remaining united to it under the other process, it in- 
creases its solubility. And this matter, collected by 
natnral deposition, is the pitchy substance already de- 
scribed as the " essence" of peat. It is pure peat, iiL^ 
a chemical sense ; while, whatever slender aud unesscn<^| 
tial differences it may present, as is true of every one 
of these varying and indeterminate compounds, it is 
analogous to, if not identical with, the bistre produced 
by the action of fire. Thus the actions of fire and of 
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water on the vegetable compound are similar: in tlie 
case of the two bistres, from water and from fire, they 
are. identical : and whatever other differences there are, 
they are explained by the imperfection of the process 
in peat, and its perfection in the case of fire ; since, 
by the latter, the whole process is coinpJeted in an 
instant, as, in the other it may oc<"upy centuries. Thtis, 
except in the case of solntioii, the hydrocarbonaceons 
compound foiming peat conid not be idaitical with 
the produce of fire from the vegetable snbstance s bnt 
all that is essential to the present question remains. 
This is all that I can afford on thi^ subject ; bnt here 
all couaparison between these two agents ceases. Fire 
has never yet produced that further change, either on 
vegetable matter or peat, which follows the prolonged 
action of water, namely, bitnniinization. This is the 
generation of the woody lignites, as the preliminary to 
the formation of coal : and I must now therefore pro- 
ceed to the sabject of chief interest under this question. 
The first needful enquiry, here as before, consists 
in the chemical difi'ei'cnccs between the bitumens and 
these fesults of vegetable decompOvsition ; as the as- 
»igQment of a tesit foD the comniencoment of biturai- 
nization is also necessary. And the distinctions in 
question will be rendered most apparent by comparing 
the several substances where they most resemble each 
other. 

The decided varieties of Bitumen are, aspbaltum, 
petroleum, and naphtha; the others being nrixtures 
or modifications of these : and they are severally ana- 
logons to the bistre, the tar, and the volatile oil of 
Wood or peat, while they all undergo similar changes 
from the action of air and from heat. Thus the as- 
phaltum and the bistre produce petroleum and tar, by 
distillation ; as, by the same process, petrolenm is se- 
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parated into asphaltuni atid naphtha, and tar into bistre 
and the oil of wood ; both the soUd compounds equally 
terminating in charcoal, and each oil becoming' a h] 
drocarburetted gas. And, under exposure to air, tl 
trausitious, in both sets, are similarly uninterrupted, 
under difFerencea of rapidity in the changes. 

With this general analogy, however, there ai*e im? 
portant differences, most striking in the fluid varieties. 
To pass over the other chemical relations, the oil of 
wood does not unite with naphtha: and hence the 
vegetable tar and the bistre are not soluble in it, just 
as asphaltum and petroleum will not dissolve in the 
oil of wood. Thus does naphtha offer a convenient 
test of the progress of bituminizution, for geological 
purposes. Where that is but commenced, as in some 
antient peats, the products of distillation will not indiH 
cate the change, though they may suffice in the lig^l 
nitea ; while, by means of naphtha, the mixed produce, 
in oil or tar, can be sufficiently analyzed for all the 
ends of geology. The smell, indeed, is so diff"erent in 
the two oils, as to be test enough for general use : 
while their mixture, as produced from a peat in the 
incipient stage of bituminization, explains the peculiar 
odour uf certain peats when burning. ^M 

Thus is it easy to trace the progress of this, froi^* 
recent peat, in which it has not yet commencedj^ 
through the more antient submerged woods, brow^f 
coal, and snrturbrand, down to jet; the most perfectly 
bituminizcd of the organic vegetable substances, still 
lioHcvqr showing those traces of the tar or oil of 
w ood which disappear only in coal. Of antient peat 
in which bituminization has commenced, the papyri 
of Herculaneum offer an interesting example, since 
they contain matter soluble in naphtha: while they, 
who, UH chemists, ouffht to have known better, \ 
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attributed to firr what has been the effect of water. 
This is the only agent capable of producing that 
change: and these papyri are, simply, peat, passing 
towards lignite. 

The relative nature of the bituminous and the cor- 
lesponding componnds, like that of the change from 
jDcat to lignite, can he inferred by the siune species of 
*ixamination. In both cases, carbon and hydrogen 
fcrui the bulk ; but the carbon seenis to bear a greater 
j^roportion in the former, as they also produce more 
^iiunionia and less acid ; indicating differences which I 
need not cxplaiji to chemists, as I need not here pur- 
sue the chemical enquiry. Yet I rnnst note, that 1 
here use the term lignite, only for the organic or truly 
mineralogical ones : the geological hgnites being, 
elicmically, as well as mincralogically, coal. 

Having already shown that peat is a compound 
slightly removed from simple vegetable matter, and 
intermediate between that and lignite, I have thus also 
further cleared the way for the geological question 
wbich concerns these. But the change to lignite is 
gradual ; producing varieties in which the two com- 
pounds that form the essence of peat, and bitumen, are 
wixcd in different proportions. The same action of 
Water also, which converts the vegetable iifto peat, 
cau produce the fuitljcr change to bitumen, as it does 
in the earth ; though the time required is very consi- 
derable, since that occurs only under a very high anti- 
'|"ity in this substance. And as the most perfect lig- 
'lites are also the most antient, the degree of bitumi- 
Dization in any more modern one being tJso gradually 
JmSj down to the confines of peat, so do I infer that 
tnc prolonged action of water has effected the ulti- 
mate change, as it has produced all the inferior ones, or 
k^m change and has changed peat into perfect lignite^ 
VOL. II. K K 
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This inference \i indee<l draw a fix>ni geological facts 
or from a comparison of the natnre and antiquity ol 
these substances, implying more or less of cxposni 
to water. We cannot demonstrate this by experinien! 
for want of the necessary element, time ; yet thei 
are chemical facts and analogies to support it. 
the chief difference between the bitumens and the ane 
logons compounds, consists in the superior proportiot 
of oxygen in the latter, the process of bituminization 
is, in some measure at least, one of deoxydation: while 
the actual power of water to effect this, is proved by 
the fact, that peat contains less oxygen than recent 
vegetable matter. Thus also does the conversion of 
turpentine into resin by exposure to air, imply deoxy- 
dation ; though, with other analogous changes, always 
attributed to the reverse. And the same eifects, from 
tbc same causes, arc produced on the different liqnid 
bitumens and on the analogous compounds from vege- 
table distillation; though, in all these cases, new ba- 
lances of the hydrogen and carbon are also formed. 
There is also a further analogous case in the produc- 
tion of adipocire ; demonstrating the power of water 
to produce changes as great as that in question, and 
sufficiently similar. 

But as it is my duty to examine falsehood as well as 
truth, I must here note the hypothesis of some imagi- 
nary chemists, that bitumen is produced from vege- 
table matter by heat, and that coal therefore is a result 
of fusion ; since a true theory of coal is here the tdti- 
mate object. The adduced experiments are sufficicntlT 
discreditable ; as the produce of the treatment of wood 
in close vessels, so far from being coal, is not even bi- 
tuminous: while only great carelessness could have 
produced that bistre which was mistaken for asphal- 
tum. Yet in the lignites or coals of the trap rocks. 
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possihly have been first produced by heat, 
inverted into coal, or asphalturn, through 

lie vegetable resins are thus bituininizcd, 
loss of form; partially in the rctinasphal- 
; V and Hig^hgatc, and perfectly in the case 
the former, especially, illustrating- the gra- 
ii')n of water in the cases of peat and lignite. 
Ifting that the cheinieal nature of this process, 
all these sTihstanccs, is now at length intelli- 
»ay proceed to what remains respecting coal; 
f^liat term, as I have the word lignite, in its mi- 
r>logical sense. If Rirvvan, equal, on this subject, 
111* chemistry and his geology, determined that coal 
ii compound of bitumen and charcoal, I need not 
pn'nt out the puerility of his experimcntSj and scarcely 
ituleed the ignorance of his phraseology. Charcoal 
Itself is not a siinplc substance, but bitumen is as 
compound a one as coal ; every one of these inflam- 
loablcs consisting of the same elements, if in different ' 
ptoportions : so that we may even conceive a series 
Ijpginning with carbon and ending in hydrogen, while 
the actual one ranges from naphtha to anthracite. 
Though chemistry must take more accurate views, 
knowing that other element* enter into the bitumens, 
^liis general one is sufficient for the present purpose. 

The different kinds of coal form a series, graduating 
from the bitumens, and commencing, as nearly as is 
Wi'U possible, where usphaltum stops. Cannel coal, 
tue most inflaniniable and volatile, stands first ; fol- 
lowed by the less bituminous " parrot" coal of Scot- 
land, successively by the " fat coals," through thd sc- 
"^•tal varieties that are distinguished by their diflTerent 
dispositions to " cake," an<l then by the dry ones, such 
i*s Welsh culm and Kilkenny coal; while the series 
'criiiiiiates in antliracilc, appruachiug to charcuvU, >je.\. 

\ A. "i 
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coTitHiiiing less hytlrogeiij and ilicrei'ore verging 
to plumbago, the nearest substance to uietallic earboii 
that we know. Nature herself abnost gives ns this 
series, including plumbago, from one original substance^ 
under the presence of trap: as I long ago showed that 
this last must be an oxydc of carbouj from the facts 
which attend its production frtini cast iron. And it 
must now he plain, that the varieties in this series d<i^ 
pend on the varying jiroportions of hydrogen and cuql 
bon, just as in that from naphtha to asphaltum ; render- 
ing the cheiuical theory of the constitution of coal, no 
less than of these substances, perfectly consistent and 
simple. The otlier differences between the two sets 
are chiefly of a mechanical nature, belonging to the 
mineral, not the chemical characters ; and if, especially, 
asphaltum differs from the nearest coal, it is because it 
has been produced from a liquid bitumen; having thus 
a relation to coal, similar to that which the aqueous 
bistre has to ordinary peat. In what manner Nature 
has produced those varieties, it is not so easy to con- 
jecture, though the basis is plain ; yet, it is certain that 
a resinous plant, sueli ;is a fir for example, would pro- 
duce a fatter coal than an oak, because the resin itself 
is converted into bitumen. 
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On the geological connexions of Peat, Lignite, 8$ Co 

Using the term in its mineral sense, lignite presents 
no difficulty ; being derived from submerged wood dfl 
forest peat. I have shown that all the deposits of this 
substance are of a far higher anti([uity than any peat; 
and thus the degrees of bitunninizatiou are account 
for, even up to brown coal and jet, though there maj 
be other causes also, still unknown to us. And if there 
are lignites produced from any other kind of peat, 
am not aware that they have yet been discovered. 
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If the contrast hrtween peat sind coal is far greater, 
the resemblances are too striking; to leave a doubt of 
the origin of the latter from beds of that substance. 1 
have shown that all the geological circumstances are 
similar or identical, in both; the alluvial beds of the 
one corresponding to the rocky strata of the other, as 
rlo tht: deposits of organic substances; while the insu- 
li^-ted condition of each class is also a striking point of 
re.seinhhmce. The mechanical structures of peat and 
of coal often also present sufficient analogies: the re- 
st; inhlance of forest peat and the latter being often ab- 
solute in all but the niincral character 5 as, in both, do 
similar organic remains occur, and in a similar manner, 
w tjile, in both also, they arc sometimes wanting. The 
cVicmical facts already discussed, trace the last stage 
from the first, through the intermediate lignites, as, 
through this, coal has probably passed ; so that it only 
TCinains to account for that dense mechanical form and 
texture,of a schistose character, by which this substance 
differs, not merely from forest peat, but from jet, the 
'i^ost perfect lignite, as the nearest in its chemical na- 
ture to coal, or, if thought necessary, by which the rapst 
f'lsiblc coal differs from asphaltum. 

I have just explained why, in this last substance, the 

charcoal is in a state of minute division, while that of 

S'ly coal must be continuous, as having been derived 

directly from an organic structure. In the other case, 

't jet, or lignite, retains the organic form, while coal 

h'i>< acquired a mineral schistose texture, it remains to 

*"^i[uire what that cause may have been. If jet be 

f'lsed in close vessels, its mineral character becomes tin- 

'li'itinguis liable from that of coal, as its chemical one 

"'U slightly differs. Had the theory whicli produced 

I'oal from the action of heat on wood, known this, it 

^otild have at least appeared better founded : but it 
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would npt have hccn the more true. There is no proof 
that the coal strata have been subjected to the requi- 
site heat, us there are many reasons for helieving the 
reverse, except in the vicinity of trap; the results in 
that case fonning also an unanswerable abjection. An 
igneous theory rcf|uire9 a pressure sufficient to prevent 
such an escape of the volatile matters as would leave 
charcoal remaining; yet having escaped, even in the 
vicinity of trap, so that the coal is often charred, this 
should have been a general occurrence. When it is 
said that the bituminous shales have been thus pro- 
duced, it is forgotten that tliese are rare, when they 
ought to be universal ; while they are easily explained 
through mixtures of organic matter, perhaps sometimes 
of bitumen, with clay. But it is a fatal objection, that 
vegetable fragments could not have been preserved, 
either in the coal or the associated shales, under the 
presumed fusion, even of peat or lignite; as these per- 
sons also should have rcuicmbered that all traces of or- 
ganization were destroyed, even in their own wretched 
experiments. Yet if any one will still maintain, with 
Breislak, that the proper cotd series has been exposed 
to great heat, this will scarcely be asserted of the 
polithe and the green sand, in which the lignites are 
perfect coal. Yet I am indifferent though this were 
proved: since, were the coal even fused, like the jet in 
iny experiment, it was already coal chemically, as this 
was hitnminous, and from the same cause. Yet there 
should then be no shells in the limestones of that se- 
ries ; since I have proved that they are obliterated b 
such a heat. 
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, There remains therefore no agent but pressure, nm- 
ted to the action of water; equivalent, surely, to the 
effects, when it has convicted clay into shale, and cal- 
careoiis mud into limestone. I formerly showed how 
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""cologists have overlooked the power of this great 
a^eiit, as the vulgar do : and there is not mucli more 
cJiflerence, tlius far, between coal and compact peat, 
t tan between a tree and the board of jet produced by 
pressure. It is also as easy to see how the minute 
tcixture of ordinary peat should admit of its conversion 
t<z> coal in this nianntjr, as that clay should thus become 
•slaale. 

« It is an act of kindness not to examine Dr. Hutton's 
tFicory, which produces coal from smoke deposited hc- 
J^eath the sea. As to the geological position of any 
Coal, it is a question of relative antiquity : like all 
strata, it once existed on the surface, in its germs : and 
tlae prime enquiry, in every case, ought to be, respect- 
ir»g what must once have been, from what is. There 
are lignite coals, it is possible, as there are organic lig- 
nites, which have been produced from such transported 
to asses of wood as those of the Mississipi ; but the 
greater number are of another origin. And did geo- 
lojj-ists attend more accurately to what is daily passing 
l>ofore their eyes, (a task more difficult than inventing 
l^ypothcses,) their science would possess much fewer 
t>f the mysteries against which I have so often con- 
tended throughout this work. The far larger number 
fif all the coal deposits are now lying where their pro- 
genitor plants grew : and their positions respecting 
the rocky strata are as easily explained as those of the 
conehiferous limestones. And, reasoning thus, 1 trust 
that I have rendered the theory of Coal, both chemi- 
*'ally and geologically, as perfect as any branch of 
tifological theory, and more perfect than many. 
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CHAP. XLV. 

On the AUuv'tal Deposits. 

The surface of the earth is almost every whefc co 
vcred hy loose materials dcrivc4l from the rocks of 
which it is formed. The general actions coniiecte<l 
with some of these have been already examined; but 
the deposits themselves require a further notice, as do 
the cireumstances under which some of them are pro- 
duced. And if all alluvia had formerly been consi- 
dered as deposited on the surface, the remarks on 
Italy have shown that there are some which have 
been elevated together with the sxdijacent rocks. I 
must therefore divide them into submarine and ter- 
restrial. The former are necessarily antient. The 
terrestrial may be distinguished into antient and mo- 
dern ; being the result of the unknown actions, while 
termed, by some, diluvium : an appellation better 
suppressed, because connected with an hypothesis al- 
ready rejected. The modern are the result of the dis- 
integration of rocks in situ, of tlie descent of the 
summits of hills along their declivities, and of the 
action of existing' waters^ of rivers or of the sea 
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III. Respecting these, I can add little to what was said 
in the sixteenth chapter, having no further facts : it 
remains for Geologists to investigate the districts 
where they may be expected, and thus to extend our 
knowledge on this important subject. Yet since the 
rocks in general were elevated from the bottom of 
the seii, it is more than probable that many of the 
older alluvia belong to this species. It is iliHicnIt to 
account for the rounding of fragments by teniporni 
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cnrrents, even under the nitionul views formerly 
givi'ii : but if the strata brotifrht up the loose snbmn- 
riiie deposits when they were elevated, this dirticulty 
vanishes ; while the currents then pnidnced will also 
account for the transportation of the materials, and 
luither exphiin the difficulty of pointing; out instances 
so (lemonsti-able as those of Italy. 

Thus, we may probably explain, under a principle 
never yet imagined by geologists, yet resting on de- 
monstrated facts, many, if not all of those trouble- 
some cases of allnvia, transported or otherwise, which 
have given rise to such absurd tbeories as those of 
De Luc and others ; while it is also plain that the 
"debncles" of Sanssure demand what he did not 
kiiow, to become an intelligible theory of much that 
be had vjiinly attempted to explain. The boulders 
?Lre ready : it is only to distribute them: and the 
power to di,stribute is in the same place. Even such 
granite botilders as those of Isla thus cease to be a 
Jiificiilty, if we consider them to be the remains of 
'lie submarine 'alluvia, brought up together with the 
iiiliuui ; while it is easy to see, universally, how e^very 
'ighter materiid must have been removed fiy that power 
(>' ruin wbi{-h carries olf the solid surface itself. I 
slioidd further add, that such alluvia may become ulti- 
nifUely jissociated with those <if the present ocean 
which I have .separated from the tertiary formations : 
"r rather, become the siune thing, under similar causes; 
since I have shown that many of these, as they are 
"ow situated, depend on elevations of the land, although 
gradual ones. This is one of those frequent cases 
^'liere systems of classification become impeifect; but 
'' tCeologists will consent that !>oth cases shall be 
'"iiiiked as alluvial, the needful distinction becomes 
^^'iily made. And if the organic substances, jet and 
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amber, Hiipposcd to belong to jilliivial soils, appertftin 
to the marine di^posits, these ronsiderations may often 
expliiin thf'ir present positionSj as their beds will bt 
the very idluvia in c|iicstion. 

Alluvia (if unknown Origin. 

The next of tlie antient alluvia arc the inferior of 
tlie terrestrial ones, and they may also he considered 
as of a general nature, to distinguish them from those 
which are the produce of visible actions. Of the pro- 
bable causes of antient currents 1 have treated, in the 
twenty-second chapter ; and that such currents did 
attend the elevations of the strata, seems fully proved 
by the nature and positions of conglomerate rocks. 
I have shown that the strata of schist and sandstone 
must have been the produce of slow actions, while 
the conglomerates were the result of tumultuary ones. 
These, it is remarkable, occur wherever an entire 
change of parallelism takes place, or, at those points 
which mark extensive revolutions of the earth. They 
were probably formed from the tumultuary alluvia of 
the waters put into motion by those changes ; and 
they indicate, by analogy, that similar actions must 
have produced the corresponding alluvia on our globe, 
which are as yet unconsolidated. I need not suggest 
more minutely the explanations which might be of- 
fered of their various appearances and modifications ; 
but I have formerly pointed out one cause, in early 
and peculiar rains, sufficient to produce great effects, 
and perhaps some of those which cause our present 
difficulties. That they are often confused by modem 
actions and modern alluvia, I shall shortly indicate; 
and hence the frequent, or the ahnost insuperable dif- 
hcnUy of distini^uishing them, \vith the perpetua 
mistakes under which the recent ones have beei 
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The judgment ujust be deLeniiined by tlieir posi- 
tions, their extent, and the nature of the iiKitcrialM ; 
a. nd, above all, negatively, by the absence of all other 
possible causes. If the originii! directions of any cur- 
routs which might have deposited thein could he as- 
certained, there would be little coinpai|itive ditficulty ; 
Out as that is hopeless, froii;i thli necessary intricacy of 
such currents, thU uiust be attempted in finother 
manner. Every torix^iit, be its extent what it may, 
rxx ust have deposited its tj^jlid contents uiider ouc of 
ttie folJowing, circum8;tanccs. Wherever it met with 
^n obstrac^iou, they must, have subsided on the face of 
It 5 yet not extensively, noless it was wide and great, 
V\^here it formed an eddy ot a bifurcationj or under any 
Cither circumstances; of retardation, producing a lee 
place, there also we should expect alluvial deposits, 
extensive in proportion to the extent of the slack 
Water. And thus, any other kind of retardation, aris- 
ing from its approaching cessation, the attainment of 
^U equilihtiuin, or the forms of the land, must have 
C-^ansed the water to deposit its contents. Hence, though 
We cannot, from the current, prove the deposit, we 
may infer the direction of the former from the places 
of tho alluvia; a judgment aided by comparing tho 
n^aterials with the distant rocks whence it is supposed 
to have flowed. Thus, if the granite blocks on the 
Rigid and the Rossberg belong to tlie Alps, while 
*be fragments of those mountains must, on the con- 
^*'ary, be sought in the Canton of Zurich, we infer the 
former existence of a current from the south-east. 

In all these attempts, if difKcukics arise from the 
Uiicrraixturc of modern idluvia, and from subscfjuent 
•I'sturbances, others are found in the changes wliicb 
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the forms of the land itself have undergone. Thns, if 
the preceding case be of this nature, the blocks in 
question must have traversed, not only many small 
vallies, but that of the Rhone, now 3,000 feet below 
their places. To prodacc further illustrations would 
be to repeat facts familiar to geologists : and after all 
the attempts to explain particular cases, this continues 
to be one of our difficulties ; whatever causes we may 
assign for the changes in the forms of the land. 

The preceding suggestion respecting submarine al- 
luvia offers a more probable solution, at least, than the 
floating of ice, the excavation of such vallies as that of 
the Rhone by its own river, or other conjectural causes; 
among which, however, the decomposition of conglo- 
merates, in situ, will be considered hereafter. ^ 

On these general principles also, which regulate tl^* 
deposition of solids from water in motion, we may 
sometimes infer an antient deposit, merely from the 
places which it occupies; adding, of course, the nega- 
tive proof from the absence of other causes. I do not 
perceive that this reasoning has been applied as it 
ought, to the obscure alluvia of our own country, or 
of Europe at hirge ; while such an origin has often 
been ignorantly assigned to cases proceeding from the 
effects of decomposition, and of the descent of mate- 
rials along declivities; not unfrequently also to theac- 
tunniliition in the seats of antient lakes. All these 
are cases which retjuire attt>ntion, but for which no 
niles can be given, beyond those which may Imj d^^ 
lived from the present and furnter remarks. ^| 

As tlie rounded form of tlic materials is rather ini- 
iiiical than favourafjJe to the opinion that this has 
lieen produced bv temporary currents, since wo know 
that this process re(]uiro.s u long time, it can not be 
held to prove an aniient alluvium from such a cause, 
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it is universal in tlio alluvia of rivers. But when 
the exact rot-ks vviUi wliith they exclusively corres- 
pond, can be dibcovered at a distance, if also thcHe arc 
of a rare aud singular nature, and, more particularly! 
when their place coirncides with what rai^ht, for other. 
reasons, be imagined the direction of such a current, 
still taking care to exclude all possible rivers, the evi- 
dence is commonly as good as can be expected. If 
such "diluvian" deposits have been named in England, 
I must refer the reader, not to the htatements, but to 
tlic proofs adduced : in Scotlandj they are extremely 
flifficalt to prove ; while if I think tbiit I have aeeu 
them anywhere, it is, possibly, in the central High- 
lands, where they might have rested, during an equally 
possible flow of water over the exterior country. If 
Iwere asked for another probafjle or possible example, 
it.ia the northern extremity of the Isle of Mann ; yet 
even this may be a deposit from tide currents, under 
changes of le>'cl : and I name this striking instance 
litre, as a caution respecting similar cases. 

But let this never be forgotten, neglected as itv 
stems to have been, that no alluvia from such a cause? 
t'an ever be stratified, or separated into layers of fine 
aud coarse xuaterials, in any manner : while if that 
liad been remembered, or known, we should have had 
fewer reports of "diluvian" alluvia. And I am bound 
to add, that the adduced instances of "diluvian" de- 
posits have not carried conviction to many, that, 
among the most active observers of the continent, the 
'";lief in diluvia is far from prevalent, and that there 
'♦re some who deny the occurrence of any other ex- 
pensive alluvia than those which occupy vallics as the 
probable produce of running waters or powerful casual 
•lud local torrents. The evidence supposed to be de- 
lved from organic inleiTcd rcmaiub has been cxa^ 
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mined in a former chapter, under the tjiiestlon of 
transportation ; and I shall only further remark, that 
when the presence of shells, when deposits of shells 
lying in their natural positions under snhsidcnce, and 
when even such deposits, of the most tender shells, 
uninjured, have hcen pointed out as instances or 
proofs of a "diluvian" deposit, it is in vain to make 
an answer to any one who can, at the same time be- 
lieve that these deluges, or this Delngc, demolished 
mountains, transported granite blocks, and rounded 
the materials of such alluvia. 

AUiwia of Disintegration. 

Of the modem alluvia, the simplest arc those which 
arise from the disintegration of rocks; lying in the 
places where they were produrefl. Tho general fact 
and its causes were formerly described ; and they may 
commonly be recognized by the following appearances. 

In examining the rocks below them, we find those, 
at first, merely fissured, and then divided into fragments, 
which, gradually diminishing in size, are at length 
intermixed with clay and sand, or, finally, converted 
into those substances. In some instances, the disinte- 
gration is more perfect ; hut the fragments are angu- 
lar, or, if otherwise, bear marks, not of attrition, hut 
of decomposition. Gneiss, argillaceous schist, lime- 
stones, and sandstones, present examples ; and the 
consequences are easily traced in the resulting soils. 
It is one of the great processes in nature for pro- 
ducing these. In the unstratiticd rocks, and some- 
times also in gneiss, decomposition is more common 
than disintegration ; and hence the produce is more 
frequently clay, or clay and gravel, than in the strati- 
fied. But, how deep and extensive the former may 
be, can be conjectured, when I have traced t" 
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Scotland, on the re<l sandstone and on the coiil strata, 
to depths ranging from thirty to fifty feet, and covering 
miles of countrv. That these have been the prepa- 
ratory steps to many of the obseure dcnudiitiotiij, 1 
cannot doubt : since it h impossible that any current 
of mere ivater, or even of water eliarged with frag- 
ments, could dcuioHsh mountains ; above all, within 
that very biicf time which must be allowed to " 'Ihi; 
Deluge." Woodward's theory, suspending the laws 
of cohesion, could alone produce such au effect: bat 
we smile at Woodward, and forget that we are be- 
lieving in him under another shape. 

If generally easy to assign, the alluvia of disintegra- 
tion are sometimes rendered doubtful by the disappear- 
ance of the parent rock, or obscured by the iatermix- 
turc of trans]iorted materials. Thus, beds of gravel, 
or sand, or clay, are often found under circnmstances 
which render their origin uncertain ; while they have 
occasionally been ranked with transported, and even 
with "diluvian" deposits. But the discriminating 
marks can often be traced, in veins or other appear- 
ances, remaining, in the nature of the neighbouring 
unchanged strata, or in the absence of indications of 
transportation: while, in the uustratified rocks, where 
the original mass has disappeared, their origin is 
proved by finding a dark soil incumhent on a sand- 
stone which could not have product.d it, as I noticeti 
in treating of denudations. The induction is com- 
plete, when nodules, fragments, or agates are found 
in such alluvia. 

This disintegration, in conglomerate rocks, has often 
given rise to the belief in transported or diluvian allu- 
via, as jnst remarked: and thus may be explained many 
of the blocks which have been invested with a myste- 
rious origin : as well as the flints or gravel derived 
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from lost strata. Thus have I at length unexpectedly 
explained the trap boulders, bearing every appearance 
of transportation, which are so abundant and trouble- 
some in Scotland ; having found them, with all th« 
polish which friction could give, imbedded in the un- 
moved clay derived from the original rock. It is easy' 
[also to see, liow further deceptions may arise in this 
'case : as a river may thus transport the rolled stones 
of a conglomerate, themselves transported, ages before, 
and rounded by far other rivers. Such alluvia occur 
in the Alps, and also in Scotland ; while, probably, 
many examples in England, otherwise explained, will 
admit of the same reasoning. 

Alluvia of Descent. 

The necessity of entirely revising the alluvia, hi 
ttierlo confounded by geologists, to the utter confusion 

I of the science and the production of the most extra- 
ordinary hypotheses, has caused me to give this name 
to those which are produced by a combination of gra- 
vity, aided by rain, with the ordinary disintegration of 

;thc summits of mountains. These occur on all decli- 
vities, and consist of clay and sand with fragments, often 
of great size, which, if generally angular, are sometimes 
slightly rounded, from ])artial attrition or decomposi- 
tion. Their real origin is indicated by their position, 
by tracing the progress of the operation, and by the 
nature of the substances. Their depths vary according 
to innumerable circumstances, and they often descend 
so far as to occupy the vallies beneath. Thus, it is not 
exclusively by the action of rivers, that the mountains 
are lowered, as I formerly remarked; less perceptible 
agents give their aid, in an cftectnal, if in a silent manner.' 
In rocky mountains with considerable acclivities, the 
protrusion of the naked auminits, witli the visible fall 
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of fraffmonts and the acfumuhitions of these lielow, 
fire sufhcient evidences of these alluvia and of their 
-otiuse ; but, in other cases, it must he souijlit in other 
indications less obvious. Such is that permanence of 
■ ti-sipvfins noticed in treating of denudations; while as 
these appearances occur on very gentle declivities, as 
in Cinnbruy and Islu, or almost on level ground, as 
nciar Coiiirie, here is a demonstrated cause, of even 
ti-iinsportation, which geology has overlooked. That 
m even " boulders" may have been gradually moved, in 
F tills manner, to great distances from the parent rock, 
is sibuTidantly obvious. And I may here say, once for 
all, that whatever volumes may have been bestowed on 
tUese " travelled blocks," there is no reason for sepa- 
rating them from the several classes of alluvia to which 
lliey belong. 

Alluvia of Rivers. 

A due attention to the two preceding classes of al- 
luvia, will disengage the fjuestion of " diluvian" de- 
posits from much of the obscurity in which it has been 
'nvolved ; bnt the greater confusion on this subject 
W arisen from those deposits by rivers, to which this 
•^erni is more strictly applicable. 

Though the conclusions respecting the alluvia of 
rivers must be modilicd by recollecting that these may 
l>ave sometimes transported the materials of more an- 
cient deposits, so as to have simply transferred what 
t'ley found, without destroying the rocks, it is seldom 
fasyto separate the two sources, nor is it often neces- 
swy. I must here therefore consider the alluvia of 
nvm as being their own produce ; having thus pro- 
vided against an error, which is, in the present discus- 
s'Oft, of no moment; since that which has been placed 
^ari\ier, is, iu reality, its alluvium. And as these atfe 
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found accotnpunying the present or former courses 
streams, they occupy vallies, or plains, or the seats or 
borders of hikes, or maritime a?stuurie.s. 

It is ulmost to repeat former remarks, to say th 
the mountain torrent commences iu a rocky chann 
generally becoming wider and deeper in its progress, 
that at a certain stage, this bed displays fragments, and, 
at length, consists of rouiuk-d pebbles and gravel. The 
declivity, and conse(|Uent velocity, diminishing, the de- 
posit becomes finer, and, as it reaches the plain, t 
rofks disappear, even from the hanks, which finally 
heconie urieipial, alternately presenting deep sections 
and flat shores. The conrse of the stream here becomes 
variable and shifting; while the plain displays hillocks 
and terraces of loose materials, the remains of the banks 
which it has successively deserted. A section through 
the plain, discovers a considerable, bnt variable depth 
of the same materials which form its surface 5 hut du- 
ring the whole of this progress, the deposited materials 
become gradually finer, as the declivity diminishes in 
the actual stream or in its immediate vicinity. The 
advance of the larger fragments ceases when that hat 
been much reduced ; and that of the materials which 
friction takes from them, if still exposed to water, 
must therefore occupy years : the heavier permanent 
alluvia remain only because the stream has deserted 
them. Hence the different characters of these alluvia 
at difterent points of a stream, at difFerents parts of a 
plain, and at different depths; since, at the same point, 
under a greater rapidity, conse(|uent on a greater de- 
clivity, to be computed fi om the depth, the materials 
must differ. And hence, in the first case, engineers have 
computed the necessary bulk of these at several points, 
Relatively to the slope, or to the velocity of the water. 
I must however retnurk^that even large masses ase suiuc 
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times deposited by tlic casual force of torrents or inun- 
tlatiods, independently of these more regular results ; 
Jtdrcunistancc aided by the diminislied weight of stones 
when in water, and often exciting wonder in those udio 
iiic not aware of this necessary fact. If these are other 
tirrguhiritlcs, they may he attributed to lateral streams 
or temporary floods. This n^gular procedure can not 
iiowever he traced in all rivers ; so, that, while some 
terminate in the sea during their full vigour and flow, 
others present only the appearances which belong to 
the last stage. 

Witli such and other variations on which 1 need not 
t'liliirtic, the sections of a river alhiviuni present niarks 
f>f stratification, nof always horizontal, by which, as I 
luivc already said, they may be distinguished from an- 
tiViit deposits, even where no river now flows. Yet, as 
Jiuitiy river» have originally met the sea or a lake, at 
points far higher than their present junctions, their al- 
luvia are often modified by actions that might easily be 
overlooked. They sometimes also enclose strata of 
lieat or vegetable soil, formed during a period of repose, 
»n ii plain or on the margins of a lake, and afterwards 
Overwhelmed by innndation. Hence also we account 
for the presence of organic remains, and, sometimes, 
tiven of marine ones, far removed from the present sea. 
It is superfluous to say that the nature of the fragments 
XHist correspond with those of the rocks in which their 
Hreams arise or through which their early progress lies, 
except in the case of the passage of these through an 
antieut alluvium. 

The superficial features of river alluvia are often mo- 
dified by the passage of streams, or by occasional inun- 
dations; and hence many intricate appearances, which 
nave caused them to be referred to " diluviau" sources. 
Sach are, terraces, hillocks, and other irregularities; 
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thesolntion of which is generally easy, by attending to 
the, varying courses of the waters, and to the different 
streams which may have acted on them. The most 
remarkable however of these terraces, are those found 
in. the wider vallies and plains ; the deserted banks, 
and thus the records of the former places of the river: 
their height marking its former elevations, and their 
positions the lateral changes of place which it under- 
went in sinking. To enumerate the varieties in these 
endless appearances, and to trace minutely the mecha- 
nical causes, easy as it may be, would lead to details 
fit only for that work on this specific subject, whicbj 
having written, I here abridge. 

Thus also would it be tedious, and, I trust, super- 
fluous, to note what occurs in these allavia wiiere they 
meet the sea or lakes : though, in the former case, it 
must be remembered, that being a point perpetually 
carried forwards by their deposition, these appearances 
are often found far inland. At the actual poiut of 
deposition, the effects vary according to the forms of 
the shore; and by attending to these and to the effects 
of the waves, we can explain the various produce, in 
banks, spits, and islands, the filling of bays, the con- 
version of marine inlets into fresh water lakes, or the 
reverse, on which I formerly said all that seemed ne- 
cessary. In the latter, the stratification of the alluvia 
is even more remarkable than in the other deposits of 
rivers, as might be expected : while I need not note 
the other obvious distinctions in these cases, since they 
are easily conjectured from many preceding remarks : 
though it is easy to see how any lake, forming marl 
beds, or shales, or travertino, while deep, will accuffin- 
late only alluvia at its final term; thus explaining the 
appearances in the antient lacustral deposits, even as 
it regards the presence of terrestrial organic fossils. I 
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ui't'd only addj that the existence of nuirl beds always, 
and of peat and organic reinaius {generally, will de- 
monstrate the former places of water at points whence 
it has h)ng been cxehided ; that the shoahtifj; of a lake 
is comparatively accelerated, and also modified, by the 
vegetation on the margins, often producing peat hogs; 
and tlint other niodificatiotis result from the .slioaling 
sometimes proceeding at many points, in conseqnence 
of the cntranct! of hiteral streams. 

On Maritime Alluvia. 

I have shown that these are generally produced by 
a concurrence of the action of the sea with that of 
rivers; nor can the fohner often produce extensive 
deposits of this nature, derived from any other sonrce. 
The chief exception is in the fragments detached frotn 
cliffs or rocky shores, which, having been rolled 
or pulverized hy the waves, are rejected on declivities 
where they are enabled to rest. On the spits and 
banks produce<l hy the ordinary course of currents or 
tides, or hy gales of wind, I have formerly treated : as 
this is the point at wliich the allnvia of rivers become 
ronfonnded with the present. In all such cases, the 
nature <>f the alluvia is complicated : but however the 
land may have been modified, the progress and the 
causes may be ascertained, by finding marine remains 
beneath ; or by the alternation of terrestrial and ma- 
rine deposits. The common linear exposed shore re- 
cjuires no remarks; yet Bute and Arran offer striking 
examples of entire flat belts at the foot of the 
high lands, produced by the action of the sea on allu- 
via of descent. When this occurs in bays, consi- 
derable tracts of useful land are sometimes generated. 
I must yet remark, that the action of the sea in these 
cases, h. like that of rivers, twofold ; and that its ten- 
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dency is to remove, ut certain times or places, what i 
had hotbrc deposited ; from variationa in the fofii 
of the land itself, the nature and effects of which 
foniierly discussed. 

I may rank tlie transference of sand with the mari- 
time alhivia ; thou£;h there is one conspicuous case of 
a diflereiit nature. Being generated under the water 
from quartz or shells, and deposited at high water- 
mark, it is dispersed by the winds ; often overwhelm- 
ing large tracts, and forming such sand hills as those 
of Holland, the Baltic, Vera Cruz, and so forth. In 
favourable circumstances, it may also generate land ; 
and thus I'ircy appears to have been almost entirely 
produced in this maimer, from reefs of bare rock. In 
such cases, it is consolidated by vegetation, as its pro- 
gress may he arrested by the well-known plants cre- 
ated for this especial end. But it is not always inju- 
rious ; as, when calcareous and widely dispersed, it 
operates as a manure to rude pastures, and thus ex- 
tends a valuable veffetation. 

Though the origin of tjuartz sand is thug obvious 
and simple, another view has been sought, in an ima- 
ginary precipitation from solutions in water : an argu- 
ment which has been supported l)y the defined crystals 
of the sand of Neuilly- But the reasoning formerly 
adduced against the production of rocks from solution 
is here equally applicable ; while this case is easily 
explained by the occurrc-nce of crystallized quartz in 
some granites, and probaI)lv in many other rocks. It 
is a common case of decttmjjosition : while, in every 
Other instance, the forma of the sand are too imperfect 
to have been thus produced. 

The following cases belong strictly to the alluvia of 
disintegration ; while the foregoing hypothesis has 
been especially applied to ihese deposits. I have for- 
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iiierly shown how the decomposition of eandstones 
produces deep-seated sand beds ; and it is equally plain 
that superficial ones must generate sands subject to 
transportation, as the quadersandstein does; while such 
is the probable origin of many well-known sands in 
the north of Europe. But, while the most noted of 
these are the sandy deserts of Africa and Asia, I have 
already shown that they have been derived from the 
red marl : while it is easy to understand how the gra- 
dual disintegration of the surface must continue to pro- 
duce that, of which tlte effects have been described in 
such terrific colourhig. If the presence of salt has 
given rise to the unfounded opinion that such deserts 
had been lately covered by the ocean, or were its de- 
serted bed, I have already answered this ; as I have 
shown thftt the shells of these deserts are not marine. 
The elevation of the great Ste]ipe of Naryn in Tar- 
tary, is itself sutht lent evidence that the present sea was 
not the parent of these salt sands. It is nevertheless 
possible that a sand of tbis nature might belong to the 
elevated submarine alluvia : as it might thus be called, 
and perhaps may have been, a "tertiary formation." I 
do not believe thatxiuy geologist will hereafter think 
tJius of the deserts in question, at least ; while, in any 
doubtful similar case, attention will be required in dis- 
criniiuatiug tlie clays and sands arisini^from such local 
disintegration. It is from their apparently eternal re- 
production that the spreading of these sands ia ex- 
plained ; that which the winds rejuove being replaced 
l)y the destruction of fresh rock. Hence the well- 
known extension of those which are daily burying still 
deeper the architectural remains of Egypt ; while, if I 
dare not indulge in this interesting subject, we may 
thus explain much that appears obscure in anticnt his- 
tory. Palmyra was not always the arid desert that it 
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now is. 1 shiiU only further say, thut this subject hus 
hoeu often treated by writers, and eapeciaily by De Lu| 
in H very tedious and tisfless manner. 

Of Soils. 

Sucli is the mixed origin of the agricultural surface, 
that it could not rigidly have Ijeen ehissed with any of 
the preceding divisions. It is only where the soil is 
uiitransported, that it can be dependent on the nature 
of the rocks beneath : and such, in general, are th|fl 
soils of low countries, and of lands which do not con- 
duct rivers ; though, even in these, there is that insen- 
sibly transported soil, which is generated by the gra- 
dual flow of water along the surface. Were it not 
for this, the efl'ect of the rains would soon render bare 
and sterile the steeper and more elevated lands : while 
in this we must admire that provision, simple as beau- 
tiful, by which this evil is averted ; one of those cir- 
cles of destruction and reproduction which prevai||H 
throughout nature : the same act also which removes" 
the soil, giving access to the causes which disintcgrato^ 
the subjacent rock. -^1 

Where a single rock is the parent of the soil, the 
efect is easily foreseen; where more have interfered, 
the results are propnrtionably complicated: while, fur- 
ther, as already remarked, it is sometimes utterly un- 
related to the subjacent rocks, where trap has disap- 
peared ; as calcareous soils often also exist where th<^H 
•parent stratum has vanished. In sinipler cases, we 
can trace the clay, the loam, the gravel, or tlie sand, 
•^'of a soil, to the original rocks ; and thus does a know-_ 
ledge of these sometimes become useful to the agi 
culturist. He may thus even learn to foresee the 
eventual loss of that which cannot be replaced, or, 
from the source of eternal supply, pr©ij ounce on that 
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which will probably be as duruble. But more infer- 
niiitiou tbiiti the kiiowledtje of soils can i;ive, has too 
o/'toii bccu expected from it: since the accessory cir- 
cnmstcinces of drainage, reteiitiveness, climate, &,c. too 
corxiinonly defeat the prognostics of the Analyst. 

'J7\m alluvia of rivers form the soils of those jilains 
and deltas so noted for their fertility. It is the slow 
motion of water which has rendered Egypt, Bengal, 
Loiiihardy, and a thousand similar tracts, the seats of 
inexhaustible fertility. Thus also are stored up, in 
lands now far remote from their rivers, those soils 
which these deposited under former positions ; and it 
is here chiefly that we may witness the important con- 
setiuences arising from the destruction of the solid 
tarth. In nature's hands, the barren and useless sum- 
mit of the mountain generates an empire: the eternal 
lurvests of Italy are ]jroduced from the naked Alps, 
out thougli the basis of all soils consists in the com- 
mon earths, the most important ingredient is the pro- 
'Inceof* vegetable dec-omposition : and thus, through the 
"marvellous circle of nature's chemislryf the elements 
"t organized bodies, dissipated by th/J winds or dis- 
persed through the earth, return to their original forms, 

Alimual Rocks. 

I must still notice a class of rocks which could not 
*<;ll have found a place before, and which, from their 
'I'lily production, are best ranked here. If their geo- 
'o'}!:iial importance is not very great, they olFer some 
^'^'uable evidence, to which I have resorted more than 

1 have shown that tlie consulidiition of sand and 

■ "airnients can be effected by carbonat of lime, by iron, 

'Hid by solutions of silica : but it is doubtful if the 

t cause operates to any extent ut present. 1 know 
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of no iiiodcni rock thus generated : nor has any ex- 
tensive mass of rock, produced by rnst, been describee 
thouj^h partial con^loiiierates of this nature, occur in' 
gravel beds, on sea shores, and in phices where ferru- 
ginous .springs flow through loose materials; as I have 
also found conglomerate veins prodnred in this nian^ 
ner in Scotland. 

The only alluvial rocks which demand notice foi 
their own intrinsic interest, are those produced by cat 
boil at of lime. Of these, there are two distinct cases ; 
both of them interesting, from the extent of the pro- 
duce, the errors to which tliey may give rise, and the 
illustrations which they aftbrd respecting the anticnt 
strata. 

If the important strata formed from fragments of 
coral, enabling these islands to suiniouiit the highest 
rise of the ocean, demand no further notice, the similar 
productions so extensively generated in the West In- 
dian islands, aud, in the Bahamas and IJermuda most 
conspicuously, produce modern oolithes resembhug 
those of the antient strata. If the want of observa- 
tions does not enable us to decide on the present value 
or effects of these productions, we cannot doubt that 
extensive strata are thus forming in these regions; 
while under the processes of eh:vation already sug- 
gested, whether gradual or sudden, it is easy to ima- 
gine the importance of the results, in the production 
of a supramarine and calcareous territory. Of the 
analogous rocks produced on sea shores in Europe, 
those of Messina oft'er an example M'ell known from 
their extent and their eeconomical uses. 

The other case, remaining for notice, is the produc- 
tion of calcareous rocks, at the present day, and also 
in the times of the alluvial deposits, from solutions of 
curboinit of lime alouc. If the formation of etalac: 
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ticul rocks is unimpnrtunt in a geological view, 1 have 
Ibniicrly slujwu the ititiTcnt attuchcd to it when in- 
volving tlie hones of aniiiialH. The production ortra- 
vcrtino, chriiiicallv thr sainL-, is much more iinijortant, 
froui its extent, iind for other reasons. If it occurs 
at Matlock aud elsewhere, it is hcst known in Italy, 
where it is the present produce of ktkcH and rivers, as 
it has hccn from a period heyond record. Its use in 
the antient and in the modern buildings of Konie is 
familiar; as is the great depth of this deposit in many 
places. 1 have already shown how the fornuitiou of 
this rock has produced obscurities rcjipectiiig the loose 
alluvia of Italy and the volcanic tufot* ; while it is 
easy also to sec, how, by tlic casual superposition of 
alluvia, or of the matters of volcanoes, on antient tra- 
vertines, tlie latter might he mistaken for an ordinary 
calcareous stratum ; and how, in particular, confusion 
has thus arisen respecting organic remains. And if, 
as is probable, it occurs in many other calcareous 
countriesj while hitherto overlooked, as it had long 
been in Iluugaiy and in the vicinity of the Black sea, 
it will be ior geologists to enquire, whether they have 
not sometimes confounded it with their "tertiary for- 
mations :" while, if now forming in other lakes aS well 
us those of Italy, it may hereafter be mistaken for la- 
custral deposits of a far higher antiquity. Such a de- 
posit is indeed, essentially, but the same thing ; and 
it thus unites the phenomena of the present with 
thasc of more distant days. 

1 have allotted no chapter to the volcanic rocks; as 
I have nothing important to say of them beyond that 
which was said under volcanoes. With this one, the 
historv of the ujaterials of the earth is terminated. 
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CHAP. XLVl. 

0« Theories of the Earth. 

I HAVE reserved to tiiis place the following slender but 
necessary account ofg'eological theories; as the reader 
will now be a better judge, and as I need not also, now, 
bestow a minute examination on them, or labour to 
refnte what stands self-refnted. But I do not intend 
a history of geology or of geologists : I nuist leave to 
others what would be more easy to write than to read, 
and try to gratify a rational curiosity on easier terms. 
And if a record of error deinandf* criticism, so have 
njany precetling allusions rendered that necessarv: 
while, the more distinctly the wrong ia made visible, 
in the clearer light will the right appear. 

But, as many of these difler in their very design, I 
must premise a few remarks. A " theory of the earth" 
may commence, wnth Epicurus, or with Buffon, at the 
creation of the globe : and where speculation has sup- 
plied the place of evidence, we need not wonder at the 
succession of such hypotheses. Hence the current pre- 
judice against geological theories, among those who 
confound theory and hypothesis. But if it is thence 
argued that the pursuit is fruitless, astronomy might 
etpuiily be condemned, because of its successive sys- 
tems. And if aliio ridicule has been thrown on the 
very attempt, hy those too whose systems beat deserved 
it, this is hut a result of the vulgar fallacy which ima- 
gines a vision and a project in the term theory. Geo- 
logy would indeed have been singularly fortunate if it 
had not possessed its share of bad observers and bad 
writers : it has been notoriously and oppressively fer- 
tile in botli; the refuge of him whom no other science 
will own; llic science in which anyone in a v assert 
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any thing, and, in which, to know the names of a few 
stones and sliclls, forms the Newton of his circle. 

Xivery one ought to know what theory means: imt, 
to eoustruct a gt;ological one, if facts are, as in all else, 
indispcnsible, so is it needful to possess sontewhat mote 
than what is called " experience." To see is not to oh^ 
serve, to observe is not to analyze and to reukon : he 
whc^ can do all this, may make the attempt. It is a 
necessary pursuit: since the laws which regulate the 
nattire, disposition, and changes of tliis globe, are pro- 
per o])jects of scientific cn(|uiry; while they lie witliin 
the range of observation and analogy ; lea\iiig tiieir 
owii visions to poetry and irietaphysica. It is unavoid- 
able also, unless a line be drawn across the path of ge- 
neralization, leaving geology to be a contemptible pur- 
suit, after specimens, and a disjointed chaos of facts. 
And be who <loes not perceive its higher bearings, has 
foigotten that there is a Creator of the world, and that 
He who created governs. The theory of the earth is 
we conduct of the Deity respecting the habitation 
which He has provided for Life. Fie! that the igno- 
i^nce and intolerance of afalsetheology should not have 
seen, how, in this also, we have discovered a new path 
*o the stndy of His wisdom and His government. 

But though a theory of the earth should prove nn- 
'ittainablc, the attempt itself is repaid. It is not in vain 
that geometry has laboured to t|uadrate the circle, or 
"mechanics to find the perpetual motion. He who cn- 
fleavours after excellence, in physics, as in morals, will 
derive certain fruit, though he might have expected 
'^'^other produce. And, in every science, general prin- 
^'"Plc's are reqnired to regulate that accumulation of 
'^*^t8, which is defended, to the disclaiming of all theory, 
"V the ignorant vain, under the pride of an afteeted Ini- 
nulity; not to be envied, were it even real. Impar- 
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tiality is not the result of tliis profession; excess ol 
ardour is more tli:in t:otiipeiis;ttfd by prejudices : thi 
pi\th of observation is not the less erooked ; and, to* 
discUiini theory, is tin; most pernicious of theorieH. 
But this is to waste words on a fnndauiental ignoranoi^H 
of the very nature of philosophy: in any other science, 
I might have spared even these remarks. In none can 
the very work of observation proceed without general 
principles; without theory. Not understood, facts are 
useless; but, not understood, they are not even seei 
He who knows what to see, sees: and, without knay 
ledge, the man and the quadrLi[)cil, equally seeing, sec 
to the san>e purpose. And if we are ever to wait fo 
future discoveries, the result is, that we neither know 
what we want, nor where to seek, nor how to use what 
we may have obtained. ^h 

Nor can any collector of facts advance long on htfl^ 
principle of purity. He mnst soon discover some link 
which unites many; and from that moment he is ^H 
theorist. Under new anomalies, there must be new 
approximations, the impossible quantities are gradually 
elicited from his r(|iiation, and if he does not become 
what he disclaims, it is time tliat he should retire, since 
he haii as much mistaken his talents as he is ignorant 
of philosophy. The path which he scorns will ulti- 
mately terminate in a just theory; while the purist in 
facts is heaping up rubbish; a mark for avoidance. 
I ought not to have a reader capable of believing that 
theory can be opposed to facts, so do I not write for 
him who can confound theory with hypothesis. The 
spirit of system, in the latter, is a false and misleading 
one; iu the former, it is the animating principle. The 
theory which is deduced from facts is ever improvii 
under new ones: the hypothesis which stands this tea 
long, will be more fortunate than Its predecessors. I| 
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it IS the fate, eveu of theory, to generate prejmlice, tliis 
is ever inseparable from the purjjiiit of trutli, under 
hnniaa feelings. But there is ti correction, in tlie 
habit of severe sclf-judguicnt; while the absence of 
theory offers no security against partiality; as, for the 
spirit of opposition, there is no corrective- 

The anticfiiities of every science form a natural ob- 
ject of curiosity: but, on this, us on all else, my limits 
condemn me to the utmost brevity. They enable us, 
at least, to trace the progress of the luiitian mind, with 
that slow accumulation of knowledge, l)y which we 
often imperceptibly profit; teaching us, also, that, in 
the same circumstances, we should have done no 
better. Thus we see the tirst steps by which obser- 
vation and reasfMiing have felt their unsteady way, the 
gradual accumulation and purification of evidence, and 
the increased resources and severity of reason ; while, 
in every science, there is not a step which docs not 
afford irround for useful reflection. But the remote 
antiquities of geology present ahiiost a blank. The 
facts are nearly nothing: and the theories are those 
dreams which once held the place of inductive reason- 
ing. The classical reader may turn to Herodotus, 
Polybius, Strabo, Aristotle, and Pliny, for rem arks on the 
changes of the land through tlie action of the sea and 
rivers, and on volcanoes and eartlupiakes ; an<l further, 
to Lucretius, Seneca, and Plutarch, for theories of the 
latter. The facts are of little moment now ; the theo- 
ries of none : we know not the rocks tliey described ; 
and if they knew of the presence of shells in these, 
their conclusions are without value or interest. 

Their theories are metaphysical cosmogonies, in 
which " more Grweorum," words are the substitutes for 
things. There is no temptation to criticize them; 
liowever we may be indignant at the moderns, who 
have reproduced similar romances under new phrases. 
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But, if I should ill employ my time in the comparison, 
so the reader would not much admire the Ingenuity or 
inventive talents of the collected hody : thongh it is in- 
strnctivo to remark, how often rival authors have been 
compelled to apree, even ^vhen proceeding on different 
or opposing views, and how mucli they have borrowed 
under the assumption of novelty. But, through this 
whole sketch, I shall limit myself to a few : enongh, 
however, to convince the reader how little he would 
gain from more minuteness ; while noticing more fully 
those only which have some peculiar claims on atten- 
tion. To trace them in any chronological or other 
connexion, would demand more space than the subject 
merits or I can afford. 

Cosmogonies of the Antients. 

It belongs to the history of philosophy to trace this 
subject as it might require : but they who desire what 
exceeds my plan, will know where to seek, should they 
not be satisfied with Cudworth or Lipsiua. Yet they 
who have sought for Greek allegories in the poetical 
chaos, in the moral elements of strife and discord, in 
Venus andCnpid, Eris and Eros, Night, Tartarus and 
Ether, in the Orus and the Mundane e^^, would have 
been better employed in tracing these visions to their 
Oriental fountains ; unless, indeed, they now choose to 
believe that a phalanx of the Macedonians taught the 
Sanscrit language to lands which it never visited, and 
under an alphabet which it never knew. 

Every one knows the system of Epicurus. Let his 
expounder be read, for he is worth reading: yet not 
for his philosophy : while Lucretius is not the only 
example of a good poet and a bad philosopher. I need 
not quote that wliich relates to the present subject: i^ 
is nearly nothing. ^| 

But though I had not premised it, [ choose to place 
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here, a theory, for which the name of La Place or of L;i 
Grange will equally suffice; as I shall also make some 
use of it hereafter. Jf it is not borrowed from Epicurus, 
neither did he foresee that a view so reseinhling his own 
in all hut its had metaphysics, would be produced at a 
future period, under the evidence of facts and general 
laws ; that atoms mii^ht concur to form an earth, yet 
under the direction of the Deity, even though we can- 
not prove that they have done so. It is a singular 
coincidence between an unfounded guess, and what is, 
at least, a theory. Arguing from the apparently gra- 
dual condensation of comets, it is conceived that the 
earth was, originally, a gaseous planet, while all else 
follows in order, under the laws of heat and chemistry; 
tlie first subsequent condition being that of a fluid globe. 

I need scarcely say that th6 system of Aristotle is 
jiot thus atheistical: while, in accounting for the ar- 

igenient of the earth, there is some attempt at a 
Theory founded on facts, though adapted to his meta- 
physical views of the adolescence and decrepitude of 
the globe. Where the necessary eternity of the earth 
is deduced from the length of time required to pro- 
duce these changes, we are reminded of some modern 
speculations, fornurjy examined; as we thus discover 
their want of claims to novelty. As. far as the doc- 
trine of the Stoics differs, in assigning understanding 
to matter, I shall again refer to the originals, those 
who may delight in Greek logomachies : while they 
will at least find eloquence to supply the want of phi- 
losophy ; a consolation wanting, to balance equal de- 
fects in the Werners and the Kirwans. If Plato, si- 
inilarlv horrowina; from India, considers the universe 
as eternally co-existent with the Divine mind, yet as 
created by it, we cannot much reverence his metaphy- 
sical accuracy. But Plato's reputation was not to be 
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destroyed by snch objections ; while it carried this 
cosmogony down to tiftcr ages, as I need not say; 
having written enough on those who have prodncec 
"tant de phrases et si pen dc choses." Yet in distin^ 
guishing those, who, though considering matter eter- 
nal, believe the present form of the universe to be 
comparatively recent, we approximate to some of tl 
modern theories of the earth. 

The Oriental cosmogonies are interesting, chiefly, 
as giving the gcnealcjgy of the former. That of the 
Etjyptians, claiiiiitig Tlvoth as its Burton, is imperfect: 
but he who desires mure than 1 cau give, will Cud it 
m Eusebius. And if its fundamental part, the action 
of the Onis on a Chaos, is familiar, I need not also 
say where a parallel doctrine is found, under a very 
different authority ; nor that Plutarch and Eusebius 
disagree respecting it. {icologists will be more inte- 
rested in knowing, that Egypt considered the earth a» 
subject to certain periods of revolution, and that it 
was to be destroyed and renewed by fire and water : 
whence the Ecpyroses and Cataclysnii, and the Great 
Year of Greece. And if, according to Zeno, the fires 
concealed vvithiu tlic earth will at length set it in 
flames, while the inferior divinities are absorbed into 
the Supreme Spirit, who, after a certain repose, will 
produce a better world, wo trace the oriental doctrines 
which he had derived from his parentage. I may refer 
to Seneca and Lucan : but thus are the inferior Gods, 
Bracbma, Vishnu, and Sivh, to return to the Unspeak- 
able intelligence, while the Calpas of the same schoo^ 
are the revolutions in question. Here also wc dia 
cover the origin of the Millenarian hVpothesis; while, 
if the curious reader desires to amuse hiiusclf with the 
opposing opinions of Justin Martyr and St. Jerom, so 
may he learn at how many periods it has been revived, 
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ever as new as it is now, to those who know not 
"quain niulta renovantur quse jam cecidere." And as 
if hnman invention was really never to be new, here 
also do we find the parentage of that more modem 
system which is at length a theory tinder evidence ; 
though he who may vainly seek g;eological knowledge 
in Sanconiiitho, will search to as little purpose the 
records of Hindustan. 

If the Chaldean cosmosgony deservea notice here, it 
is chiefly from having furnished that of our Northern 
ancestors. The Chaos, of water and darkness alone, 
contained certain monstrous animals, which were 
slain by Bel, together with the goddess Omorca, who, 
being divided, produced the earth and the heavens : 
while, as man was formed from her head, thence, says 
Berosus, his intellectual powers. In the Voluspa, 
Alfader created all things ; before which, all was a 
continuous abyss. Heaven and earth were no where: 
yet Nifllieim and Muspelshcira, the hell of frost and 
storms, and the luminous world, had been prepared. 
Hence shall issue Surtur, the genius of darkness, with 
his flaming sword, vanquish the Gods, and consume 
the universe. The reader can turn to the Eddu for 
the contest of the sons of Bore with the giant Yniir, 
the resuh imitating the fate of Omorca, as for much 
more : but the conflagration is succeeded by a new 
earth, fruitful without cultivation ; while the death of 
the Gods is their absorption into the Supreme Cause. 
I need not again point ont that origin which is amply 
ronfirmed by the history and language of the Gothic 
race. 

On certain modern Cosmogonies. 

If, under this division, there are some rivals of the 
former inventions, so are there some, partially sup- 
ported by facts. I have no intention to examine this 
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muss of bo I rowed, or inane, or visionary matter: and 
if I have selected what seemed, for some reason, t 
deserve it most, the reader will scarcely complain thai 
1 have not thus occnpied more of his time : the pre 
sent will atiiply Jnstify that neglect. If I pay no r 
gard to their claims to priority, it ia that the chrono- 
logy of folly or error in not worth settling. 

Whether he knew it or not, the original globe of 
La Marck was that of Chaldea, but the "uonster»*H 
were monads, or organic particles ; some destined to 
form vegetables, ami others animals. The aniiii} 
monads, producing, first, microscopic infusoria, gradu- 
ally acquired higher organizations, through their owi 
desires, and became, at length, the present races ; as th< 
vegetable ones, similarly, became the plants that we' 
see. Tlius preceding the solid earth, marine shells 
constructed lime, and vegetables clay, instigated by 
the want of a soil ; while the^e two earths producedl 
the others ; but, whether by 80 desiring, is not said. 
And thus did animals and vegetables create the earth 
from a sphere of salt water. 1 have done more thaa. 
justice, since I have not told all, to him whom his ag( 
esteemed a great Naturalist. He might have been so^ 
in empty shells. If this he Epicurism, and not disease^ 
or imbecility, he should have asked himself who cre- 
ated the salt water and the monads. But when did 
human folly become a warning to its like ? The past 
year has seen dn&t moving in fluids, and the "philo- 
Bophers" of tc;-day have rejoiced in new monads, un- 
informed, alas, of their antiquity. The system of De 
Maillet, copied by Darwin, is scarcely worth distin- 
guishing, though admitting an original land : but it 
reqnires little disci*rnnient in jiiodern Epicurism, to per-j 
ceive that purpose, in some, which the folly of othei 
has, perhaps unsuspectingly, imitated. Such have beei 
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the attempts, of all ages, cqaally, to get rid of their 
imagined enemy, the Deity himself, and such the 
blindness which docs not see that He is still behind 
all, the ii reiiioveable ; the Necessary, the Eternal, The 
Cause. 

If I need not assign the relative merits of Kepler 
and Patrin, suffice it that the Earth is a living ani- 
mal. Vital fluids circniate, minerals are produced by 
assimilation, the mountains are lungs, the schists are 
glands, secretion causes volcanoes, and even chemistry 
is an animal power. Patrin at least was a geologist : 
conchnlogists or geologists, " baud in ultum distant." 
1 need not however tell the scholar that this "vitality" 
of the celestial bodies has not the merit of novelty ; 
and all can see that the sympathies of molecntes are 
the "understanding" of the Stoics. 

Bertrand finds the earth to be a hollow sphere in- 
cluding a moveable magnet. The approach of a comet 
alters the centre of gravity, and thus the earth is in- 
undated : whence the several irruptions and retreats 
of the sea. But Mr. Marschall has discovered that it 
was formed from meteoric stones, which, arriving 
from other spheres, bronglit fl ith them the organic 
bodies of those worlds ; whence the lost species of 
our own must ever be sought in vain, without, at 
least, the powers of Micromegas. It is not surprising 
that geology lias been a subject of ridicule. 

Theories of Burnet J ff'liiston, IToodward, and others. 

Though the "Sacred theory of the earth" is an hy- 
pothesis, Burnet is not without arguments drawn 
from facts ; while we must not forget how little was 
Kfiown in 1681. Yet has he furnished valuable hints 
fo modern system makers ; while, in his (eloquence 
*"*<! the grandeur of his views, he has hiid no rival. 
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leading also to comparisons little flattering to Lis su< 
cessors. We need not wonder that he aciiiiired an ej 
tended, reputation, as his work became the incitemei 
to rival and successive theories. Rejecting the antiei 
philosophy, he maintains that as the earth was cre- 
ated so shall it be destroyed : while one of his argn- 
inents has been used by a recent writer, almost in hi 
very words. I shall refer to the passage where he r* 
marks, that if the earth had existed from eternity, 
must have accjuired a very diftcrent appearance, from 
the waste of the niomitains and the displacement of 
the sea; since Burnet must be in every hand. I do 
not make a work, little indebted to the labours of^ 
others, a repository of quotations. 

The remarks on the condensation of the original 
chaosj serve, as, often before, to show how little those 
systems which possess the reputation, have also the 
merit of novelty. Though with the advantages of 
modern knowledge, the theory of La Place is but tha^H 
of Burnet. But, henceforward, he becomes extrava- 
gant: the separated atmosphere depositing a sphere 
of water, first, on the solid nncleus, and then an in- 
vesting one of earth ; the habitation of "the golden 
age." And the rupture of this, causing tlie Deluge, 
produces also the present distribution of sea and land. 
This must sufHcc for a writer who, nevertheless, like 
some green spot in the wilderness, refreshes us witli a 
luxuriance and a variety, the more striking, from their 
contrast with the dreary deserts of geological theoric! 

The comet of Whiston, the original germ of hi 
earth, anticipates La Place even more ]>crfectly. A^ 
the work of creation proceeded, its contents subsided 
'according to their specific gravities, w^hilc the nucleus 
still retains its heat. If he has attempted to compntt 
.the time of cooling, he has also anticipated, thougl 
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under the iDsufticieiit knowledge of his day, the views 
of Founier. But his nucleus is sunoiinded> first, 
with an "unknown dense fluid," and then with one of 
water; the "ahyss" supporting a crust of land and 
seas, as the antedikiviau world. The deluge is pro- 
duced by the appulse of a contet, its vapour generated 
the "rain," the water retired into the "abyss," and the 
earth assumed its present form. The reader must 
however be told, that the lieat of the original earth 
generated vice in the terrestrial inhabitants, while the 
colder atjuatic ones escaped both crime and condem- 
nation. 

In spite of his practical knowledge, Woodward's 
system is as deficient in truth as novelty. Seeing no- 
thing but those English strata whose influence has 
not yet ceased, his rocks are all deposited from 
fluids, horizontally, according to their specific gravities, 
as all contain shells. Pure ignorance is always better 
than falsity : the difficulties of geology have ever been 
produced by the Woodwards. He who must com- 
mence by sweeping, is choked by dust. I trust that 
my successors will have the easier task. But the 
Deluge, of course, forms the main hinge of his theory. 
An abyss is broken up by the Divine command, sus- 
pending the laws of cohesion : and so forth, as usual. 
Unfortunate indeed has been this random thought of 
TertuUian. Perverted views of an historical fact have 
been the eternal millstone round the neck of theorists, 
while the patient observer could form no plan, of which 
tliis "was not the foundation ; as, even now, they who 
should know better, adopt a load which they cannot 
carry, hoping, often, to gain favour, or something 
better; hoping, at least, to escape that which has been 
hurled to crush conscientiousness and truth. But 
wliy should we ridicule him who dissolves the insolu- 
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strata arc horizontal ; why smile at him who 
armed, can accompUsh any thing? Theories, yet landec 
have done as nmch : while followers arc fiery in de 
fence of that, under one name, which they condemn 
under another. The plai^iarist ought not at least 
abuse his original, 

Scheutzer is the mere echo of Burnet and Wooc 
ward: and this bare notice will suffice for many more, 
who have similarly wrought for some fame in thi 
field ; as the system of Bnrnet will serve for that of 
Descartes. Yet there are writers, of different dates, 
to whom geology is indebted for somewhat better. I 
cannot here settle the contending claims of Rouelle, 
Steuo, Targioni, and Lehman : but in these we trace 
the first attempts to account for the present distribu- 
tion of the surface, by rarthtpiakes, deluges, and other 
transitory events. And if the first hint of the powers 
of antient currents did not originate with Steno, it is, 
at least, not the suggestion of those who have drawn 
so largely on it. If also Lehman has been called the 
father of modern geology, he has been over-rated ; 
when he must forfeit his claims to originality, and 
when even his division, founded on a false criterion, 
corresponds, in name only, with the facts. The name 
of Whitehurst is enough : and if geology stands in- 
debted to Lister, Catcott, Mills, Michell, Vallisueri, 
Arduino, Kaspe, anxl others, they belong to the history 
of the science, not to the present sketch of theories. 

Si/stems of Saussure, fVenier, De Luc, ami Kirwam 

Coinciding in general views, these names are the 
chief supporters of aquatic or "Neptunian" theories ; 
as they also bring us down to our <nvn times. The 
reader will soon judge of the comparative nieril 
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tliose who abonndetl in inatiiriuls ami those who pos- 
sessed none ; while if he knows what a theory means, 
he will lliiiik an ingenious hyputlu.'sis more enter- 
taining than a chunsy one. 

If Saussure, however, is ratlier a disehiiincr of theory 
than a professed theorist, he shows considerable vaeil- 
hitions of opinion, \vi(h marks wf nnvvilling convietion 
apiinst a favourite system. The hind was orit^inally 
covered hy the sea, hut the strata were broken l>y 
some interior revohition, forming; abysses and ek^va- 
tions ; while the waters, rushini; into the former, ex- 
cavated vallies and deposited alhivia. Thus, the strata, 
formed hy precipitation, were eh-vated ; while, in 
another phice, he imagines them to have been dis- 
posed as they now are, by crystallization. Promising 
to state, in future, the result of twelve more years of 
thought and labour, " he dies and makes no sign." 
His opportunities and labours are known: so is his re- 
putation : let he who can now value him, judge of his 
merits. I will not criticise liim : hut the justice due 
to others, demands that he should be weighed. It is 
plain, however, that he once a<lo)ited the essential part 
of a " Plutonic" system : that term uhieb, with its op- 
ponent, hasnunle the bitterest of euemies, even of those 
who did not understand the subjects in dispute. The 
evil sj)irit must ever find vent in sometliing. 

If Werner's system first ajjprared about 1787, its 
subsequent modifications prevent us from knowing 
with whom its several portions novv rest. 'U hile his 
audiences diffused it m ith the blind zeal of religious 
sectaries, his lectures became the endless treatises of 
all who sought the fame of geological authorship. 
But, to entertain an opinion is not to form one: and 
hence the student, influenced by the weight of nunt- 
htrs, should recolkcLlhat hut ouc voice spcakh through 
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all these organs. If, therefore, the leader should be 
charged with the faults of his followers, it is the sect 
which is the object of examination : while it is an idle 
oflice to settle the contending claims to ignorance. 

In an originally fluid earth, the materials of all mi- 
nerals were dissolved in water. From thjs, granite 
was first precipitated, at specific points, being followed 
by gneiss, and successively by the primary schists, in 
an " invariable order ;" though it is not explained why 
the former is irregi^lar, and the latter stratified..These 
rocks were " primitive," and anterior to the creation of 
animals ; and they arc purely chemical, as the produce 
of aqueous crystallization. Certain marine animals are 
then created: and the water having diminished in 
quantity, new rocks are laid bare. The precipitatiou, 
which had ceased, is now renewed ; while the frag- 
ments of these rocks, and the spoils of animals^ be- 
come intermixed with the new chemical precipitates, 
forming the "transition" class. And, because the 
water continued progressively to diminish, each suc- 
ceeding rock appears at lower levels, granite occupying 
the highest place ; while all rocks occur, throughout 
the globe, in the same order, constituting " universal 
formations." More land becoming dry after the tran- 
sition rocks, the " floetz" rocks are formed, necessarily 
less inclined to the horizon, and more regular ; though 
the reasons why, are not given, any more than for their 
frequent erect positions at present. And the creation 
of new animals accounts for the superiority of their 
remains in these. After this, the water rose again to 
deposit the trap rocks ; thus once more covering, even 
the Andes, yet depositing them on such chosen places; 
as, in subsiding, it let them fall on Britain and else- 
where. But, as they lie among successive " floetz" strata, 
the sea rose and fell over the whole globe, as often as 
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Brxvas netvssary to prudnce the first, second, and third 

^' floetz trap formtitions" iti the few chosen spots uhere 

tliey exist. This being done, the superfluous mmi vti- 

inishes for the hist time, and man is created. 

B I have avoided a more minute account of this theory, 

^Olit of respect for this jdiilosopher ; as it is nnfortu- 

usitely the less ititeUigihIe the more It is explained. 

lint of all the properti<'s of that which ex]:ilains every 

tiling in the nio.st perfect miinuer, tlie luoat perfect is, 

tliiit it is peculiarly and exchisiA'cly consistent with the 

^iosaic history, which it also proves. The reader shall 

judge whether those who assert, or those who believe 

in, this marvellous property, are uiost worthy of luarveh 

But, as Whistou says of his own, "whether it be pos- 

^sible, or not, such is the fact." 
If it has not accounted for the " tertiary" strata, a 
Sen so convenient mijrht always contain the necessary 

■ rocks at the necessary places; while so moveable a 

■ **<il>st(Uicecan ascend aud descend as often us is ncedfuL 
p -l^hc minerals of mineral veins were jirecipitated in the 

fissures, from the universal solution. Hock veins are 

■ •^Ontenjporaneous with the including rocks, and formed 
^y crystallization, as are the fragments in the conglo- 

|'*»erates ; as contortions, fractmes, elevations, and so 
**-*«*th, arc also modes of crystallization, atjd as are 
**^Ouutains and vallies ; there being no subsetjueut pro- 
^*^sa of denudation. The coal deposits were formed 
py an elective attraction at those points, from carbon 
*** solution ; as the vegetable fragments also tended to 
^•le same places. The indnration of strata near trap, 
*** the result of intermixture during crystalli/ation ; 
^Ough tlu: former were completed many ages before 
•*e latter were produced: and while volcanoes are 
f*'*»'ely modern, and heated by coal, i)uiuiee and otisi- 
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^u are deposits from water. 
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This is a sufficient view of the "theory" under 
which all Europe became a land of philosophical geo- 
logists, for which much of Europe yet fights, and 
in which much of the rising aspiration is still educated. 
We need not wonder at the progress of geology. If 
futnre writers will pass it, together with the cosmogony 
of Chaldea, it still inflnences minds which may be 
startled at even the following slender criticism, which 
a systematic writer must not avoid, if he is to do 
his duty : though, to examine its loud pretences to 
agree with the sacred records, shall be left to those who 
can read a Book more often talked of than read. 

As every reader must needs know the common facts 
of chemistry, I shall deceive no one by the admission 
that the whole earth is soluble in a thousand times its 
weight of water. It was therefore once a thousand 
times heavier than it is now; so that it remains for this 
theory to reconcile those two conditions to the laws of 
the solar system. Again, there being no precipitants, 
the rocks are formed by the abstraction of the solvent; 
the unintelligible " subsidence" of this system. If the 
water entered into abysses, then did one body contain 
another far larger than itself, as even thus, it would 
carry the dissolved rocks with it : if evaporated, it at 
length departed into free space, against the laws of gra- 
vity : if converted into earth, or destroyed, a new che- 
mistry becomes necessary. But the rising and falling 
of the ocean are treated with as much tranquillity as if 
the changes of the tide were concerned; as if it could be 
aught but the destruction and regeneration of oceans; 
of a hollow sphere whose diameter is more than 8000 
miles, and its tliickness more than five. If, as has been 
said, a higher temperature might have rendered it a 
more active solvent, this is not Mr. Werner's theory; 
since his temperature permits the existence of animals. 
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luit is impossible cannot be true, it 

as experience htis here shtiwii, it 

.11/ believe against the evidence of the 

The strata are not unive.rsiil, nor every 

<• same order, nor do they appear at suc- 

' i-r levels. The aiitiont rocks are not all 

leul, nor the recent ones niechanical ; while 

in-', the theory contradicts itself, with its crys- 

conglomerates. 

does any chemistry explain why one rock was 
:d by another, why the same roitiponnd assumed 
litiiiiy tornjs and positions, why one only was prcci- 
lUed at once, why silica gave way to clay, why there 
'e repetitions of the same rocks, why serpentine and 
ihers are so partiitl, and why, und whcncCj the ocean 
itccjuired its new materials, after having become clear 
'for the habitation of animals. The " limestone forma- 
t-ion suite" contradicts what it is adduced to prove; to 
Explain the forms of strata by crystallization, is to use 
*i term without meaning; and to call a vein contem- 
poraneous with its inckidiog rock, is to be ignorant of 
*^Oe use of words. The theory of coal does not deserve 
**• remark: und it belongs to this system, peculiarly, to 
«JiiVe adopted the most impossible one respecting mi- 
neral veins. On volcanoes, I need only notice the 
Overbearing conhdence of the assertions; and, while 
grievously ignorant of organic fossils, there is not a fact 
'"cspecting theni which does not overturn the whole 
System. But more than enough; odious as is the task, 
^*icL criticism is a needful branch of geological in- 
^*^»*uction: and what I have here said, 1 may suppress 
*** to future similar speculations. 

De Luc attempts to remedy some defects in this sys- 
**^»ti, by borrowing from Sanssure ; whence his claims 
*o originality are but trifling, as they are not enviable. 
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But, commenriiig with the history of the earth before 
the creation of the sun, iio must be allowed to settle 
this with a science of %vhich he had probably not heard. 
The continents became exposed by violent revolutions; 
though all the changes now attributed to terrestrial 
actions, took place beneath the sea. The anteconti- 
nental strata had been deposited from solution, hori- 
zontally; a mechanical deposition being impossible: 
and the separation of the water and air from the earth 
occurred from the introduction of new ingredients : all i 
this being " perfectly conformable to chemistry," and 
explaining every thing. The elevation of strata being 
impossible, their present positions arise from subsi- j 
dences, occnrring under the bed of the sea, and detei^H 
mined by certain caverns into which the parts fell^^ 
while this " philosopher" docs not see, that if elevation 
was impossible, because the continents must iiave been 
previously suspended over abysses, his own are in the 
same predicament. But if he has a contrivance in ce^^^ 
tain " party walls," I must be excused from trying tt^^ 



abridge what I cannot understand. 



In the literal, Jis 



well as the metaphysical sense, it is a chaos of words , 
" hovering over tlie abyss of uiiitleid vacancy." Neve^H 
theless,^ the wind "in these caverns pent" met stonei*^ 
attempting to enter them, which it exploded, " like 
gunpowder;" whence the boulders of the Alps. Of 
his retreats and inundations, 1 formerly said all that 
was necessary. ^H 

Kirwan has as little claim to originality: his d^^ 
mands to notice are founded on his high tone, an<^ 
on his asserted chemical and geological knowledge \ 
His globe contained De Luc's caverns and Wcrncr'^^ 
solution, or " chaotic fluid ;" while the crystal! izatior ^ 
of the rocks produced a " stupendous conflagration, ; 
splitting the earlh, and forniing the atmosphere. ITi^^ 



ON THEORIES OF THE EAIITH. 



399 



pri iiiitive mountains were crystallized from silica, and 
tile argillaceous ones filled their intervals; when it 
»va.s laid dry for the creation of animals, the water 
retiring into caverns, through the fissures. Fishes 
"Wd-e created when the sea had subsided to 9000 feet; 
th^n vegetables, and afterwards land animals; the sea 
th tst^s retreating though many centuries. By means of 
stoa-ms and volcanoes, the primitive mountains gene- 
rat «3 the secondary ones, the sea continues to retreat, 
and our progenitors are created. 

In such a sketch, there is at least some civility: 

]VI:«-. Kirwan's ambition after chemical and geological 

rea.souing8, has rendered himself a severer critic of his 

wo ark than many of his readers could well be. I sup- 

preiss much, for the same reason; and, of his subsidiary 

theories, a few must suffice. The concbiferous strata 

of X*eru, since they exceed the limit of 8500 feet, arose 

fro am the Deluge; that eternal resource of every " geo- 

log'ist" who finds none in his own intellect, while, not 

to Ije appealed from, but under the fulminated penalties 

of SciU the infallible theories. But if the specific theory 

of this event is unintelHgible in the original, some 

otL:K(^i- CEdipus must abridge it. If, on rocks, all sorts 

ot contradictory facts are collected frouj all sorts of j 

"^"tliorities, it will at least ofter a hint lo modern sys^j 

teii^ makers, shoald they have forgotten Mr. Pinker-' 

toti's success. And if the theory of Java fused without 

"^-Ut, has, in being borrowed, found borrowers equally 

^e^irried in Chemistry and Cieology, that of coal is so 

•ar original, that the carbon and petroleum were de- 

''•^ed from the primitive rocks. Yet Kir wan has the 

^"^stract merit of not dealing in generalities: and had 

^^ been what his circle thought him, his book might, 
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ave been what it is not. But, Werner or 



«sibly, h 

irwan, every idol is constituted by its idolaters: and 
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what would philosophers, more than despots do, 
without their courts and their adulators ? Yet were 
such the schools in which we were educated, as in 
such things were we commanded to believe, under 
the penalty of philosophical excommunication. And 
as were the teachers, so, with little exception, have 
been the scholars. 

But all these *' aqueous theories" claim cxlnsively to 
coincide with Scripture ; while, not content with this 
assumption of exclusive orthodoxy, they have waged a 
spiritual warfare against their antagonists ; like the 
Scaligers, and the Saumaises, speaking the daggers they 
could not wield, and thus throwing the " odium theolo- 
gicnm" on those of other systems: while the charge of 
impiety is especially urged by those whose own are most 
at variance with it, and the term Religion is adopted, as 
usual, to secure the votes of the ignorant. Every one 
of them demands as much time, and circumstances 
even more irreconcilable than the opposed ones ; while, 
in the steps of Creation, they are utterly contradictory 
to the record which they wrest. It is little to have 
forgotten that there is such a term as Charity, and 
that the adjective Christian gives it some claim over 
those who will one day be compelled to ask for what 
they forgot to give : while if, with some, it is the blind 
zeal of hypothesis, others have considered it a profit- 
able account for this world. From even Burnet down- 
wards, all, all differing, claim the same; and all declare 
that things mutually irreconcilable, are identical with 
a common term of comparison : though the same 
charity, in another day, pronounced even Burnet's 
theory atheistical. But if Kirwan is among the loudest, 
so is he the most daring: interpreting scripture in his 
own way, and finally concluding, that the chances are 
" ten millions to one" that his own account and that 
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of Moses are hotli true, because they agree. Really, 
these are things which make thinking men wonder. 

Enough of the "aqueous" theories: the " igneous" 
have been net in opposition; as if the stability of the 
one was to be ensured by the overthrow of the other: 
but he who has no strength of his own will not stand, 
the tinner bc<ause his enemy is down. It would have 
been well had these terms never existed: but such 
thingH will be, when nicu shall become lovers of truth 
more than lovers of hatred. 

Theories of Bujf'on, Lazzaro Moro, Dalomieit 8g others. 

We have seen what the aqueous theories have 
proved; but there is no purely igneous one. And, 
hypothesis or theory, there is a chain which unites 
them all: while, in thus treating them, I may dis- 
tribute merit where it has been overlooked, and reduce 
assumption to its simple rights. 

The theory of Bourguet is of 1730 ; and though but 
a sketch, it has anticipated Lazzaro Moro on one impor- 
tant point. Buftbn treats bim with contempt, while 
apparently indebted to him for the igneous fluidity of 
the globe ; as has been usual among geologists, con- 
cealing plagiarism by suppressing the name of the au- 
thor, if not, as is more common, by abuse. But I may 
pass his system, together with Keill, King, and others ; 
•yet not forgetting Ray, whose opinions, whether ori- 
ginal or borrowed, are as decisive as clear ; contain- 
ing those essentials of an igneous system, in which the 
most recent theory has made no change. 

That of Leibnitz is a mere cosmogony: the earth, 
like the planets, having been a fixed and luminous star, 
extinguished under the waste of its combustible matter. 
This is the "separation of light:" the rocks are vi- 
trified from fusion, quartz alone retaining its original 
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nature ; and the water is precipitated from the air by 
cooling. The Protogea has therefore scarcely a no- 
vehy: as it also fails just where it is most wanted. The 
cosmogony of Buffon has been called an elegant ro- 
mance: which is possible. But his theory is an ex- 
tensive collection of facts, whence his successors have 
amply profited. He has been compared with a much 
more modern theorist : but they commence from dif- 
ferent points, and employ their agents in reverse order: 
while the French philosopher also differs, in foretelling 
the final extinction of life, by the cooling of the globe. 
The earth is a portion of the sun, transferred to its 
orbit by the impulse of a comet : its figure is the re- 
sult of its original fluidity, and it retains a central 
heat. If this theory involves the whole solar system, 
I need not pureuc what is at variance with the laws of 
geometry. And if, under equal mathematical know- 
ledge, he argues for the uniform density of the earth, 
we must smile when he censures those who solve difli- 
culties by adjusting the works of nature to their own 
imaginations. Like Leibnitz, his granite is ' the ori- 
ginal vitrified matter of the globe, while sand and 
gravel are produced from it by fire. But the con- 
densed vapours which form the sea, deposit certain 
slimy matters towards the production of strata. The 
diurnal motions and the tides produce subsequent 
chat)ges ; transporting materials to the equatorial re- 
gions, and thus generating the present forms of sea 
and land: while currents, still posterior, have given 
these primitive n^iountains their present linear direc- 
tions and precipitous faces : generating also the Cur- 
rents of many subsequent imitators. Fissures are 
produced by contraction ; in one class of rocks from 
evaporation, in the other from cooling. I need not 
proceed ; while the ignorance of Buffbn's day claiaUN 



kRTH. 403 

^nmnv of his suc- 



tlie elevation of the 
Lzzaro More, iu 
ihose of Boscovicli 
' tlie earth, this has 
-1 as it is on Italy, he 
. .lly covered the whole 
iial life, that, even then, 
■ s which elevated the pri- 
nt mals were produced and 
1 -<> elevated with subsequent 
Mtlary ones. These causes are 
iDitrics ; and thus does the 
ill for the angular positions, 
cidcnts of the strata, with the 
t surface. His imperfections are 
111. and would probably have been 
;!<'scnt information: but this must 
i'iutonic system," as it has been; 
. are prepared under water. Employing 
rd elevating force, it avoids the encum- 
till the purely aqueous theories ; and if it 
U rxidain the production of strata, neither 
nsc an impossible chemistry to account for 
Ijruve, like its numerous rivals, all the laws 
sciences. In its scope indeed, it is more li- 
i.'iii those which have been founded on it, but 
> parent of the whole: and if they have affected 
^)ii<*«f it ns "volcanic" and partial, hoping perhaps 
111 the credit of invention, they have but betrayed 
Mice, if not dishonesty ; overshooting also the 
io this attempt, and committing enors iu striving 
riate from that to which it has been part of my 
as to bring them back. 
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Omitting the speculations of Breislak, and much 
more, I must note the opinions of Doloiuieu, who, 
finding certain trap rocks interposed between strata, 
considers them the produce of submarine volcanoes: 
because this also has been borrowed, essentially, but 
controverted, ostensibly atid nominally, by a later theo- 
rist. This identification of trap with volcanic pro- 
ducts, is an important fact ; as is the eruption of lava 
through granite, proving that it is not the lowest rock: 
but, as a theorist, this geologist is essentially deficient, 
when he argues for "retreats" of the sea, exposing these 
strata ; and thus, blind to what was before him, and 
e(|UHlly departing from Lazzaro Moro, leaves unex- 
plained the accidents of strata. And, inasmuch as 
he has supposed all trap exclusively submarine, he 
has misled Hutton, on a point not to be boasted of 
when borrowed, still less so when at variance with 
truth. It is no novelty, in him, to have supposed a 
central ignited fluid, the source of these traps and vol- 
canoes : and still less is it so in Hutton. Of Faujas 
dc St. Fond, it must suffice to say, that he, reversely, 
considers all trap as of terrestrial volcanic origin. Why 
have not these men and their followers seen, that both 
theories are inevitable, and that there is evidence of 
both ? But we prefer antagonism to truth ; as " the 
tnconceivableness of something they find in one, throws 
men more violently into the contrary hypothesis." 

The theory of Hutton is best known through the 
commentary of Playfair: I must make the following 
sketch as brief as possible ; while, by commencing 
from the present state of the earth, it will easily be 
seen that it is almost a transcript of Lazzaro Moro's, 
with some extension, and some aid from preceding 
sources; yet with some important additions, united to, 
numerous and serious errors. 
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The action of the elements, and the flow of water, 
transfer the materials of rocks to the lower lands and 
to the sea ; and the same proceeding liaving occurred 
in former times, those alluvia were the germs of the 
present strata, as the existing ones are those of a sub- 
sequent earth. Theantient rocky strata have therefore 
been produced from the waste of a former world : as 
their organic fossils are the evidences of former Life. 
The central ignited matter lias protruded, as it does now 
in volcanoes; and, under diffctent circumstances, has 
produced graniteand trap, forming the nnstratified rocks 
which have elevated the older strata, and producing 
their several accnrlents, as in the former system; while 
the fluid matter, filling their fissures, has generated 
rock veins. The consolidation of the strata is attri- 
buted to the same cause ; but wherever there are dif- 
ferences in the action of this and of ordinary fire, it is 
attributed to pressure from superincumbent weight ; 
under which the trap rocks are, falsely, said to be 
never cavernous; as limestones become fusible. Lastly, 
having conceived no other division of rocks but into 
primary and secondary, this theory traces but three 
forms of the earth, namely, that which anteceded the 
primary strata, that which included these alone, and 
the present one ; though arguing for its past eternity, 
as it does for a future renovation, and to all eternitv. 

In this simple view, this system possesses an aspect 
which its author will soon injure, by his details. With 
exception of the theory of trap and volcanoes, be had 
borrowed well, and safely extended wluit he did bor- 
row : but, with the usual ambition to erect an entire 
theory, though ignorant of the necessary facts and 
sciences, he has, in almost all else, levelled himself to 
the Werners ; while his commentator has, unluckily 
for his fame, pursued the same course. 
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In arguing against subsidences, we trace, equally, 
the spirit of hypothesis and antagonism, with a want 
both of geological knowledge and sound reasoning. OMM 
some structure of discontinuity, if not strictly ca^^ 
vernous, there is evidence in the linear directions of 
volcanoes ; as coul, and more, are proofs of subsi- 
dences. Though gneiss, and some other primary 
strata, are in their present condition from heat, this 
mode of consolidation cannot be attniitted for all strata. 
The theory of trap is untrue, because injudiciously 
rigid : while the anxiety of opposition has introduced 
inextricable confusion into this part of the system; 
under which, also, he has, by disclaiming demonstrated 
truths, forfeited one of his strongest supports, while 
maintaining a perpetual hostility against Dolomieu 
and Faujas de St. Fond, on the very facts by which he 
might have profited, but did not understand. Knowing 
the igneous rocks most imperfectly, he denies the ex- 
istence of scoriform traps ; while having recourse to a 
most unhappy expedient for explaining the amygda- 
loidal nodules. Perpetually indeed misapplying a fa- 
vourite principle, even though admitting water to a 
large share in his operations, it is called on where nei- 
ther needful to the theory nor reconcileable to the 
facts. Such is the unnecessary fusion of carbonat of 
lime, with the igneous origin of fjuartz, chalcedony, 
and silicified wood ; while the theory of flints is pecu- 
liarly infelicitous and unintelligible, as is that of the 
septaria. But the whole theory of igneons secretion 
is without excuse ; as it compels us to deny that this 
writer was the chemist he has been called. The theory 
of coal equals the very worst of the schemes of Wer- 
ner; while it indicates that narrow spirit of hypothesis 
which misapplies a sound principle as often as the re- 
verse ; proving, that reasoning was, in any case, a very 
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«loubti'iil cause of its successful application. If I am 

to do justice to my readers, I aut bound to protect 

tlicni from the assertion that he idways proceeded on 

"tlie lejiitiuuitc principles of iivduetion ; for thus, under 

^r(?puted authority, is the younj,' mind misled. 

' There is an equally unfortunate anxiety after the 

hypothesis, where the present forms of the surface are 

concerned: since, ever tliinkini; of the slow action 

of feeble forces, he forgets that elevations must have 

produced inef|uaiities> and tlierefore, that valJies must 

Iliave existed before rivers. To deny, also, any other 
alluvia than those of rivers, is not only to deny pal- 
pable facts, but to overlook some necessary conse- 
<|Uences of the very theory ; while, if we can pardon 
I the zeal of the original theorist, there is no excuse for 
the commentator. The system which assumes to be 
perfect, and whose pride will not yield, mistakes its 
oWn interests. It is beaten at the bad outposts which 
it is resolved to defend ; while, by retiring to the cita- 
1 "cl, it might long have detied assault. 
m Such is a sufficient view of this theory, nnd such is 
•^l the criticism which appeared due to the student in 
geology, while I desire to avoid what is superfluous. 
^t is sufficient, among other things, to prove that this 
■Ousted theory is little more than an hypothesis, where 
fc >t 18 original ; yet fortunate in having borrowed a better 
'Oundution, and thus far, ahnost only, a theory. Yet, 
wishing to do justice tu all, I must point out that which 

* believe to be original, or if not always original, im- 
portant. Such is the effect of pressure, hut original as 
'^ the carbonat of lime only ; and such is the igneous 
'*Hgiii of granite, since without that, there can be no 

* lieory of the Earth : though it may still be qnestioned 
[^Ow far the hint was taken from Leibnitz and Buffon, 
!**» it is easy to believe that Lazzaro Moro would have 
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come to the same conclusion, had he known this roci 
Let Hutton, however, have the merit ; though fur- 
nished by his predecessors with all the analagoas proofsJ 
in trap and in the volcanic rocks. Yet, on tlie former, 
must repeat, that his confusion, added to his an- 
tipathy respecting their truly, if remote, volcanic na- 
ture in many cases, must make us doubt those powers 
of philosophical generalization, for which he has bee n , 
so lauded: an idol, like his predecessors, to his ow|^H 
circle. Still, the practical effect of thus reviving the^ 
forgotten Italian theory, with those improvements, was 
great, though even yet limited ; since it found all Eu- 
rope believing that the ignorance of Werner and his 
followers was philosophy and geology. 

But it is my duty also to render justice to those an- 
tient writers, whose merits have been suppressed from 
design, or overlooked through ignorance : and thus 
must I question the praise of originality, united to splen- 
dour of views, so loudly bestowed on this " theory." 
These I have traced, even beyond Greece,to theBrahmi- 
nical philosophy; as I have shttwn the remote distance, 
in modern times, of some others of its chief doctrines. 
Yet I must defend it also from certain attacks. If it 
has been accused of drawing unjustifiably on lime, 
there is not a system which does not do the same, had 
their defenders knowledge enough to see it, or honesty 
enough to confess it ; though its frankness will still be 
considered its condemnation. But, to grant this, and 
to admit of the eternity of the Earth, so ill argued, are 
different things ; while I need not repeat my former, 
objections to this speculation. As to the central hea^H 
this system, if guilty, is not the only one, by many : but ' 
if there is not ample proof of this, I know not that 
geology can furnish evidence of any thing, whatever 
difficulties there may be in explaining its interrupted 
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and n'peiited actions. To conrliidc, if I luivi' udnpted 



'leithcr one nor other or Uie rival ttrins or the two 
theories, so idly opposed, it is because this is, on one 
side, a censunible vanity, as, on the other, it is a perni- 
cious flattery; being, with "clogcs," and laudatory 
'♦iojjraphy, au insult to trnth, and a corruption of nio- 
d«^Tn times. In this case, it is also an iojustice to other 
^^»Sters ; while its evil efteet has he<'n to substitute fac- 
^■*iti for philosophy, teaehiui; men to eii(|uire, as on a 
'«*-«• deeper subject, net what the truth is, but who is 
'■> c leader. 

This sketch, serving other needful purposes, was also 

•^»^ indispensible preliminary to the following attempt. 

-* night otherwise have been suspected of wishing to 

^«xiiin those things which, as far as my knowledge ex- 

^^^nds, I have attempted to award, in justice, to the se- 

"^^ral authors to whom they belong. It will thus be 

^c-cu to whom is due the merit of that, which, he the 

**<iditions and the corrections what tliey may, forms 

* i» e basis of the following sketch ; as well as the extent 

^^f that for which I must be held responsible. It will 

**-Xs<> he perceived, that even that which I have adopted, 

**54 truth, has often been, in my predecessors, but a for- 

^Vi^ate conjecture 5 that much has consisted in vague ^ 

^c^neralities, often difficult of application, as unapplied 

■^>' their proposers, and often disputable: and further, 

^l^at with many truths, there are intermixtures of error, 

*^norance, and misapplications, which have vitiated 

^Vieir value and left them open to disputation. Tliese 

**lanks f have tried to fill, as I have endeavoured (o 

*Virnish proofs of what was, formerly, conjecture: and 

^Vienre also, in desiring to see nothing accepted btit 

^^hat rests on Evidence, I have attempted to distinguish 

^^"^ different values, under the several propositions that 

^*C)U9titute that skeleton of a Theory. 
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CHAP. XLVII. 

Sketch towards a Theory of the Earth. 

Though a philosophical g^eologist will easily collect 
from this work, nearly all that lean myself state under 
the present chapter, this would be a task of difficulty to 
many readers, and, to the mere student, impracticable. 
To omit such a view, would indeed be a dereliction of 
duty, as it would be to disappoint reasonable expecta- 
tion. It is true, that some principal portions of a 
theory have already been stated, and unavoidably, as 
general conclusions from facts detailed under this Sys- 
tem ; insomuch that a restatement of these cannot fail to 
involve some repetition. But while these do not stand in 
the order which such a sketch demands, so are there, in 
the preceding chapters, many subsidiary portions ol a 
theory, of more or less moment, often also but slightly 
touched on, the bearings and value of \ihich would 
scarcely be appretiated without the approximation and 
arrangenii^nt here proposed. This then it is e(jually 
my object and my duty to do: but it is not all. If there 
ever is to be a Theory of the Earth, it is not less need- 
ful to place our present deficiencies in a full light; that 
the pursuit of this science may no longer be checked, 
under that contentment which rests in the indolent be- 
lief that the assertions of bold ignorance are Knowledge. 
Let our defects be fearlessly and honestly displayed ; 
and we shall then know what we liave yet to learn; as, 
then also, may geologists turn their attention to the 
improvement of this science, to the perfection of that 
which is the end of all Science, a true Theory, instead 
of wasting their time on that which can now teach no- 
thing new, or, still worse, in seeking and perverting 
facts lo support hypotheses. 
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In both cases, in stating what I helieve to be know- 
ledge, and what seems to niii ii^nonuice, I would fain 
think that I have had but one object, the pursuit of 
troth. Whether hypotheses are the result of ignorance, 
or vanity, or enthnsiasm, I shall not here encjuire; hut 
let the proposer of a theory, in any science, ask himself, 
whether, in undertaking to teach others, he has laboured 
to acquire a good conscience, whether he rests bis 
claims to belief, on industry, a cool judgment, and the 
preference of truth to the gratification of vanity : on 
the love of 'J'ruth above all things. To misleatl, in mo- 
rals, is acknowledged wrong; to do this wilfully, is 
admitted criminality. Can the same conduct be inno- 
cent, far more, justifiable, in physical science? He who 
checks the progress of human kno\vlle<lge, obstructs 
human improvement and human good: be is not al- 
ways even an indirect source of evil. 

But what is Truth? .all make the same profession. 
Yes, there is a test by which it may be tried, and I give 
it in the words of one whose soundness of judgment 
will not easily be disputed. " How a man may know 
whether he be so in earnest, is worth enquiry ; and I 
think there is one unerring mark of it, viz., the not 
entertaining any proposition with greater assurance 
than the proofs it is built on will warrant." If, tlirough- 
out this work, I have taken this rule for a guide, so 
have I striven to follow it; and if I have kept it iu 
view in this sketch of a Theory of the Earth, 1 may 
also add, from the same writer, that " he who by iu- 
dift'erency for all but truth suffers not his assent to go 
faster than his evidence nor beyond it, will learn to ex- 
amine, and examine fairly, instead of presuming." He 
indeed who would declare this of himself, ought to 
possess the powers, the conscience, and the self-know- 
ledge of Locke; but it were well for philosophy if all 



412 



SKETCH TOWARDS A 



could say, " I never write any thing but truth, and 
never publish anything to others which I ara not fully 
persuaded ofmyselfand do not think that I uuderstand. 
So that I never have need of false colonrs to set oif 
the weak parts of an hypothesis, or of obscure expres- 
sions or the assistance of artificial jargon to cover an 
error of ray system or party." ^ 

Before proceding to this Sketch, however, it is nece^l 
sarytostatethosedemonstratedfacts in geology to which 
a reference must be frequently made or implied, as t^| 
fundamental principles; that I may command the ne- 
tx-ssary brevity. I have called them demonstrated facts, 
liecHUse I believe them such, notwithstanding the con- 
troversies to which many may still give rise, among 
the advocates of nntient hypotheses; and I believe them 
such, on the evidences which I have given in the pre- 
ceding work, as, to that I must refer; since a recapi- 
tulation of such proofs is here impracticable. It will 
be for the reader to judge of their value; while I trust 
that he, like myself, will turn a deaf ear to all that is 
opinion and assertion, to all that is not Evidence, and^ 
to all authority but the authority of Nature herself, fl 

Ignited fluids, formed of certain earths, become 
rocks by cooling; and these, not disposed in strata, 
btil in irregular niasscs and veins, are of various aspects 
and <|ualities, presenting also diftereut crystalline and 
[ contretionury structures, which are determined, partly 
hy the original materials, and partly by the modes audS 
tiuies of cooling. 

From nn identity of circumstances pervadingvolcanic 
rocks and the several unstratified ones, granite, por-^ 
phvry,trap, and others, the same origin is inferred of all; 
and it is also proved that such igneous rocks have been 
proilucetl extensively, at various and very distant periods. 
J'he chcinicHl powers of air and water change the 
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aspect of these rocks; as the hitter penetrates and 
■^unites with them; depositing also aqueous minerals in 
"their cavities, when these are present. The further 
action of these powers decomposes and disintegrates 
them ; while, under each form, and, in the latter, under 
fragments of various sizes, they become moved by gra- 
vity and the flow of water, forming alluvia, on the sur- 
face of the earth, and beneath the waters: the latter 
constituting strata, which according to various circum- 
stances, differ, and form successions, in parallel order. 
All this, which occurs now, has also occurred 
formerly; and thus too, as such strata are now consoli- 
dated into rocks, so have they been similarly consoli- 
dated in former times. They are now consolidated by 
solutions of earths in water, by pressure, and by heat; 
and thus have they been consolidated at distant pe- 
riods. Lastly, such consolidated strata, or rocks, 
have been subjected to the same chemical and mecha- 
nical actions as the igneous rocks; and they have, iu 
the same manner, furnished materials forallnvial strata, 
I separately, or in combination with those. 
^P Wherever heat has demonstrably acted on strata 
consolidated by water and pressure, or, possibly, by a 
sniall degree of heat, their chemical and minertilogical 
characters are changed: and tlie peculiar differences 
between the more antieiit and the more recent strata, 
are therefore attributed to this cause, as operating 
throngh the igneous rocks: the more antient stratum 
being the lowest, and the more recent the highest, in 
geological position. And under the extreme effect of 
such heat, in peculiar circumstances, such a stratum 
may become an unstratiBed rock; because under a 
similar condition to a stratum fused in a volcano. 
Whence also, the near resemblance in the mineral 
characters of certain strata and some unstratificd rocks. 
The solid spoils of animals, chiefly marine, consti- 
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tute limestones at present, and have produced them, 
at distant and diftercnt jioriods, in itiimense masses;^ 
nor, for those of present tirncH, is there any other origiii^^ 
than animal chemistry; except, that limestoocs mns^ 
be reproduced from limestones, as sandstones arefroi 
sandstones: though it is still inferred that such wi 
the first origin of the whole; which diminish in quan- 
tity as we retroeede in the order of the strata, or th^i 
age of the globe. These strata thus furnish that cri^f 
tcrion for the number of animals at any period of the 
Earth, which is, more obviously but less sufficiently, 
proved by their actual preservation in such strata. 

The solid parts of vegetables now produce peat, 
which passes, under greater antiquity, to lignite, and 
lastly to coal; for which, as in the former case, no 
other origin can be assigned: while, in a similar wav^^ 
the actual fragments of plants preserved in these strat^^^ 
further prove that such is their origin. It is less safely 
inferred, however, that there is no other origin for 
carbon than vegetable chemistry. 

The principal strata were formed under the sea, and 
at different periods of repose; being also originally 
in a horizontal position, or nearly so. And any s^H 
of strata, maintaining a parallel order, has been formed^ 
in one such period. But the first strata must have 
been produced from the waste of igneous rocks; since 
this is a necessaiy inference from the very nature of 
stratification. Thus does a stratum containing a frag- 
ment of a former one, prorc an anterior set belonging 
to a previous period; as that fragment would prove 
one still anterior, should it contain the materials of' 
stratified rock, under whatever form. Whence 
established the former existence of sets of strata at 
periods of repose in the earth, of which we have 
Other evidence. 

The formation and protrusion of igneous rocks have 
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disturbed any previous set or sets of strata: and, at 
as many periods as disturbances of sets of strata can 
be proved, at so many have there been distinct forma- 
tions of igneous rocks, or protrusionsof ignited fluids. 
These are Rcvohitions, of, or on, the surface of the 
Globe, inferred to be general or partial, according to 
the extent of the demonstrable effects. Tiieir relative 
dates are inferred by those of the strata on which they 
have acted : while ever^ later one iiuist have caused a 
fresh disturbance in all that was anterior, under each 
division of rocks. 

The disturbance is proved, chiefly, by a change of 
parallelism in sets of strata; adding, in most cases, ap- 
pearances in them, indicating the tumultuary motion 
of large fragments; and, in recent ones, the absence 
of limestones and the remains of animals; as thus 
does a new parallelism indicate a new period of repose. 
And, under these disturbances, strata are changed from 
their original positions, elevated, bent, fractured, and 
chemically affected, while also penetrated by veins of 
the igneous rocks ; as these themselves are, when more 
antient, by veins of the more recent ones. 

The final past effects of all this are ; to have caused 
frequent changes in the places of the land as it relates 
to the sea, with varying changes in its elevation ; to 
have gradually multiplied the number and variety of 
the rocks, as also to have augmented their general 
quantity, compared to that of the fluid portion of the 
globe; to have destroyed or diminished, at several 
periods, previous organic creations; and to have accu- 
mulated their spoils in limestones, and those of vege- 
tables in coal. And the final present ones are; to be 
extending the habitable surface, in various ways, and 
to be preparing strata, beneath the waters and on the 
dry laud, which are apparently destined to a similar 
fate, at a future period, and with similar results. 

t 
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And such a sketch of the only ticneral facts yet as 
ceitained, resting then fore on Evidtiice, while exclu^ 
ding what is at present nuktiown or conjectural, com- 
prises the fundamental materials of all geological know- 
ledge at present, as it also forms the basis for a Theory 
of the Earth, such us that can now he inferred. It is 
the Machinery of Nature in the regulation of the Globe, 
as far as we can yet discern: or it includes the Secon- 
dary causes through whichTheDeity has proceeded, and 
is proceeding, in tlie arrangement and government of 
that Earth which has alitady constituted the habita- 
tion of different orders of aninuils, which, iu conipara-^ 
lively recent times, has recieved Man, among othcrs^^ 
aud which is further destined to an uHice which we 
cannot conjecture, however analogous we must sup- 
pose it to that which is present and is past. I iuuv^b 
now therefore proceed. ^| 

Passing at once from the Act of Creation, and from 
the planetary arrangement of what is called Matter, 
under a term which is admissible, however, but as an 
abstract and mathematical one, the first condition of 
the Earth which has been inferred, is that of a Gas- 
eous sphere: while it is ray business to state, that the 
only evidence for this is derived from the analogy of 
comets, itself rather more inferential than proved, as 
far as the study of these bodies has hitherto pro- 
ceeded. But it must also be said, as corroborative of 
such an inference, that the laws of the radiation of 
heat, and those of chemicjil combination, do permit 
the needful inference, that such a sphere might, or 
nmst, finally become a fluid ; or at least a fluid gloLe 
surrounded by an atmosphere. fl 

Tliis, then, is the second presumed condition ; and^ 
here also the evidence increases in value: while I may 
notice, once for all, that I do not here intend to quote 
.'iiithoiitics for any of these opinions, however weighty 
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since it is with Evidence, and evidence aloue, that I 
am concerned. And the evidence for such a fluid 
globe is found, first, in its staticiil figurcj and, secondly, 
in the various geological facts, already reviewed, and 
founded primarily on the phenomena of volcanoes, 
which prove that the interior of the earth, beyond a 
certain depth, is at present in a fluid condition, from 
that heat which was once sufhcieut for the preceding 
more extensive effects. 

And here terminates that which Is of most difficult 
investigation in the Theory of the Earth, and which, 
by many, will still be ranked with hypotheses. The 
Evidence such as it is, is given : what a rational phi- 
losophy shall pronounce on it, will always deserve at- 
tention ; the opinions of those who decide from pre- 
judices, or under temper or defect of reasouiag, may 
be neglected. Yet the limit between such evidence 
as this, and that of a higher order, is evanescent ; so 
that in attempting to trace the next step, there would 
be room for the same remarks, were it not superfluous 
to repeat them. 

I know of no mode in which the surface of a fluid 
globe could he consolidated, hut by the radiation of 
heat ; while, of the necessity of such a process I need 
not again speak. The immediate result of this must 
have been the formation of rocks on that surface; and 
if the interior fluid does now produce the several uu- 
stratified rocks, the first that were formed must have 
resembled some of these, if not all. We may, not un- 
safely, infer that they were granitic ; perceiving that 
substances of this character have been produced 
wherever the cooling appears to have been most gra- 
dual. The first apparently solid globe was therefore 
a globe of granite, or of those rocks which bear the 
ucarest crystalline analogies to it : while, if there are 
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now irregular movements within the earth, produci 
distinct expansions in different places, sa should th 
have been sach at this early period. And though 
have not as yet even conjectured the causes of what 
is, nevertheless, a fact in evidence, we onght to admit 
it on the doctrine of Final Causes, or of a Directing 
Power; seeing that it is necessary for that disposition, 
or management of the Earth, the consequences q^J 
which are essential to its ends. ^| 

Thus then did this first of all solid globes become 
an irregular or mountainous one ; while it is as easy 
to believe in successive eruptions of fluid matter 
through the portions already solidified, as in the pre- 
sent state of the earth; and those proceeding through- 
out a period of great duration, so as to produce a form 
capable of receiving collections of water, or an ocean. 
And if, respecting the precipitation of water from an 
atmosphere, the makers of antient hypotheses have 
written as vaguely as abundantly, Chemistry can no* 
admit this, under its laws, though as yet compelled tS 
speak in general terms. 

If such is this view of the first, or truly primitive 
solid g!obc, I need not dwell on the quality of the 
Evidence ; since, be it what it may, it is apparent. 
But, under the same evidence, there is now a second 
condition, or, from the presumed original one, a fourth, 
and that a Terraqueous one, or an earth analogous to 
the present, however differing in many essential pa 
culars ; some obvious, and others only to be conjecture 

In this terraqueous globe, in which all the rocks 
were unstratified, the operation of the elements must 
have produced the same effects which they do at p 
sent ; and the result must have been the deposition 
aTItivia, or the preparation of strata beneath the wate 
If it be asked what proof there is of this, I formcrl 
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gave them. The "primary strata" indude fragments 
I of strata, and those fragments contain clay, sand, and 
mica. These are the materials of former supramarine 
rocks : but there is no evidence to prove that those 
comprised strata. If the clay which formed the slate 
p"of these fragments was derived from previous slate, it 
i^ould follow that there was an intermediate earth, 
■ feubsequent to the purely granitic one; if from the gra- 
nitic rocks, there was none between that and the fol- 
lowing condition; and, in this latter conclusion we 
must probably rest. 

The first Revolution which we can certainly infer, 
elevates these strata above the waters, where they be- 
come, in a similar way, the joint materials, with the 
igneous rocks, for our "primary" ones: while the 
fragments of strata in them prove that this was a 
stratified as well as a terraqueous earth. It is the 
ff I'st Stratified earth ; but it is the fifth form of the 
g"Xobe, under the present views, as it is the third form 
o^ a solid earth. And the evidence appears to be per- 
fe^ct: since in no other manner can we explain the ex- 
istence of fragments of strata in the "primary" strata^ 
^tid since the same explanation is admitted in all the 
sxibscqnent cases of general conglomerate rocks- And 
1^ we cannot yet find any demonstrable mass of this 
"**st set of strata, it is not an opposing argument; 
s^tice, while the difficulty must be great, under thcriu- 
**^crous subsequent revolutions, they have never yet 
•^^en sought for, from deficient views of a theory of 
**ic earth among geologists. 

A second revolution, elevating the submarine strata 
*"^iis generated under this fifth form of the globe, pro- 
"^ces a sixth one, being, at the same time, ita second 
'''^J^atified form. And here the evidence is no longer 
"*«puted: since the supramarine strata of this earth 
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constitute the "primary" ones of its present coiulition. 
In the former sketch of revolutions, being: a portion 
only of a General Theory, this was enumerated as a 
third mode of the Earth, in conformity to the narrow 
limits of that view. With the antient geologists, it 
has been termed primitive, and, under the latest opi- 
nions, primary. The philosophical geologist will judge 
of the propriety of a far other place, at least, thougl^j 
he should not admit the whole of the present views. ^^H 

I must not, however, conclude respecting this con- 
dition, without expressing a doubt, which may possibly 
be a very serious blank in the Theory of the Earth. I 
do not think that our knowledge of the primary strata, 
correct as we have been accustomed to believe it, is 
sufficient to prove that it is the produce of one revo- 
lution; while the antiquity of these, and the numerous 
changes to which they have been subjected, may well, 
render them obscure. If I formerly suggested tl]j^| 
suspicion, hinting at some facts which I could not ex- " 
plain on the present theory, I may here add, that the 
greatest difficulty I have found, is in trying to rccoi 
cile the Chlorite series of Scotland with any conditit 
so simple as that which is here examined. 

How far such facts as this may be supported by pa- 
rallel ones, I cannot foresee, and geologists have not 
sought, because they had either no theory or a false 
one. If partial, it may not prove of uiuch import, nor 
materially disturb the general theory: but if it should 
he widely confirmed, it may prove that our primary 
strata are the produce of two, if not of more revoUi^i 
iions, and therefore include two classes of rocks, or tw^f 
conditions of the earth, at least. Yet having no other 
reasons than these, I leave this as a bint for futui 
geologists J as I need not say how a proof of the fa< 
anight possibly modify the general theory of numeric 
*accessions as here given. 
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But there is still another difficulty, which may either 

he a fresh one, as lo a correct theory, or may possibly 

offer the solution of the preceding facts. The "pri- 

:Mnary" strata having licen formed, partly at least, from 

previous stratified rocks, there ought to exist masses 

■«Df those somewhere, not less than of the very primary 

-«hemselves, after the numerous revolutions which they 

^lavc undergone. And these shoukl now appear to us 

^s portions of our primary strata ; yet ouly hecanse 

^eolo^ists had not formed a correct theory, from not 

liaving oljserved and reasoned on the fragments in 

these, and have therefore never thought of such a pos- 

sibiHty. Whether they will ever be distinguished, I 

cannot now foresee : but they ought to be similar to 

the primary, because their fragments are so, and they 

ought to be unconformable; so that the case just 

cjuoted,. with many more that I have observed, may be 

the very ante" primary" strata in question. 

This sixth earth furnishes the materials of those 
secondary strata which precede the coal ; as the time 
of their production, could it be ascertained, would be 
the measure of its duration. And a third revolution 
elevates those strata ; thus producing a new and se- 
venth form of the earth, or a third modification of a 
stratified one. And here we begin first to trace dis- 
tinctly the increase in the variety of the strata ; toge- 
ther with the continuous records of an organized cre- 
ation. The hitter question I must separate and defer: 
the former may take its place here, once for all. 

However various the primary strata may now be, 
and however dift'erent from the secondary, I have fully 
shown that there is a radical analogy between the two, 
often indeed reaching to almost an identity, in every 
thing essential ; as also, that tlu; action of heat pro- 
daces the same or similar clijmges in the secondary 
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•previous to the last partial re- 
written at the very re- 
•'d printed long ago: 
tker reflection 

tood. 
lignite deposits 
. >ic manner as the 
where the generating 
iljeory of the following 
might to be certain of the 
^^'^^^J^^^^ j; to superposition, or geolo- 

^^^^^^^^^/^ >'. G are quite sure of but two; in 

H^^^^^ I green sand : and if 1 can build 

^^^ I L tore limited to them. But we can 

dispensable an accurate knowledge of 
[losits of the world is, to a Theory of 
If the inferior coal, for example, were li- 
llritain, or the two great lignites to Europe, 
111 Ions of the earth, inferred from these, would 
»rtial only, as well as the revolutions: whence, 
every coal, of whatever natuire, in the world, is 
''oroughly known and accurately compared, we must 
•"^tuain in ignorance, as well of the number as the na- 
ture, of the conditions and revolutions engaged in this 
^long interval. Heuce the w'ider and importaut cou&i- 
'^^rution that follows, hitherto overlooked by geology. 
*^* any revolution engaged in any of these coal deposits 
^tis universal, such a coal should correspond in gco- 
' '^gical time, all over the world, and thus be an "uni- 
P ^ersal formation ;" since wc are sure that it was formed 
°^ the surface, be the associated strata what they may. 
^r^d if the facts should prove such as to render this 
"^Hef impossible, then the different parts of the world, 
P''c>clucing coal at different times, have been under dis- 
■ ^•'Jct revolutions and conditions, of a partial nature. 
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Tliere are as yet no facts by which to solve this diffl-' 
culty: but, in the present case, having no sufficicnf 
proof of more than the two great hgnite deposits if 
question, I must suppose, right or wrong as it majj 
hereafter prove, that the others formerly mentioned 
are coincident with these in time, though referred to 
the quadersandstcin or aught else. 

The oolithe coal therefore, implies a terrestrial sur- 
face, on the Has, if we please, bearing plants, as the 
mountain limestone did for the inferior coal. Hence, 
during the repose of this last beneath the sea, no ma- 
rine strata were formed, above it, higher than that 
carboTiiferous surface, which nmst also have become a 
terrestrial one. Was there here a revolution of eleva- 
tion for that purpose ? If so, it would be consonant 
to all that has preceded : but I can conceive the gra- 
dual growth of these strata to the surface, so as to 
permit of the requisite vegetations, in aestuaries, or on 
shores ; while such appear to have been the birth- 
places of both the great lignites, marine as their ani- 
mal fossils arc. I know not therefore, if they who 
shall criticize this Theory, will allow this to be viewed 
as a ninth condition of the earth. If there were ai 
facts of disturbance to prove an elevation, it would no 
be disputed : and that these may not yet be fuui^^ 
somewhere, I can by no means admit. ^H 

Be this as it may, there is here the same difficulty 
as in the case of the inferior coal. Marine strata were 
forming while the terrestrial preparations for the lig- ' 
nite were in progress. Which are they? no one knows^ 
I, assuredly, do not: and it is these reflections, amo^H 
others, which convince me that our pretended knov\^ 
ledge of the secondary strata is the mere hypothesis 
which I have so often called it. But of this again. 1 

Now, the same occurrence must have followed this 




THEORY OF THE EARTH. 



425 



terrestrial period, as there did in the case of the infe- 
rior coal. Tiie lifis, with its carboniferous surface, 
XTiust have bccti depressed beneath the sea, or the su- 
jDerior marine strata coiiUl not have been formed ; and 
thus there follows a tenth condition of the eartii, under, 
of course, the nsual doubts as to its extent, during which 
"this vcjrctable stratum also is becomiuff coal. If such 
^%. depression were sudden, it ivould he termed a revor 
liition : I know not whether the term ia worth a dis- 
J3ute, were it a gradual operation. 

At any rate, the marine strata then formed, extend! 

to the carboniferous surface iu the j^reeii saiul, being 

the place of the second great hgnite. And there is 

here a renewal of the same difficultit^s as in the pre- 

Creding case. Was that surface brought up to the h"ght , 

I->y a revolution of elevation, or it did simply reacli it 

liy the increase of the strata? Geology must seek for 

p» roofs, as in the former case; I possess no evidence, 

«».nd am ready to believe whatever is proved: yet, iri 

tXie mean time, following the general analogy, this 

^lionld be an eleventh condition of the Earth. And; 

tlierc is yet another ditficulty, renewed for the third 

t ime. There are marine strata forming while the plants 

^^or this hist lignite are growing; and we cannot dis- 

tinguisii them. In any of the three cases, how are 

^lese strata, parallel in time, to be known? They are 

"*>ot superiuiposed on the several coals, nor can they 

V>e snbjacetit. Inferior, or nearer to the centre of the 

^^arth, they must originally have !)een ; but if we cannot 

tell where to seek them now, this at least is plain, that 

"Hie theories of superposition and succession among the 

«ater strata, which even I have been obliged to follow, 

54re mere hypotheses, and that our ignorance of these 

is infinitely greater than geologists hud ever suspected. 

-I'heiicc probably are there many other cases of infe- 
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rcntial superposition, not less hypothetical ; while this 
is the only one in which there is ample ground for| 
doubts : the mode of production of a single stratum^ 
the coal, furnishing a point of departure not to be mis- 
taken. 

It is now again plain, that a depression similar to^ 
the last must have occurred^ to permit the deposition 
of the remaining strata, up to our highest marine sur- 
face, the chalk, or more, if more there be; and thence, 
in the same way, I must deduce a twelfth condition in 
the earth; the consequence, under similar hesitation 
as to its extent, of another distinct revolution. And 
'the carboniferous surface of the green sand is now b€ 
neath the ocean; undergoing the change to coal. 11 
is only further necdfnl to suggest, that although nei- 
ther of these last acts of elevation should be admitted, 
yet that a continuous depression from the carbonife- 
rous surface of the oolithe to that of the chalk will nc 
explain the appearances : because the production of 
the upper lignite, like that of the lower, marks a long 
repose, and there must tlunefore have been two dis- 
tinct depressions. And that the act by which the lower 
lignite was depressed; was one of revolution, is proved 
by the disappeiy-ance of organic fossils, or of Life, in 
the green sand: that fact which! had formerly stated 
as an unexplained one in the Theory of the Earth. 
Whether it produced irregular positions of the strata 
any where, geology does not yet know, and must not 
assume of all places. And surely I need not here re- 
peat, that although the whole of these views of tlie 
conditions of the earth might be nullified by the an- 
tient hypothesis of " the rising and falling of the ocean," 
this has been sntficiently proved to be impossible. They 
would also be nullified, should there be no real super- 
position from the coal upwards, and should the whole 
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vertical sequence from the fed marl to the clialk be 
liypothetical instead of actual, as part of it assuredly is. 
But I must believe, with other geologists, that there is 
enongb proved for this purpose; although I have not 
seen all that I could wish respecting these strata. 

If the intricacy of these last changes bus demanded 
some space, Avhat follows is comparatively simple, as it 
is indisputable. What uumerical order the necessary 
revolution should hold, must now be doubtful ; but it 
w-fis an extensive and a great one; since by this was 
the inferior coal elevated, with all that was needful, 
beneath it, and with all that now exists above; ex- 
tending, certaiidy, to the chalk, and probably to some 
stiperior strata, in particular places at least: while, this 
defect in our knowledge leaves another blank to be 
su-pplied, as to a perfect theory. And this condition, 
though assuredly not the exact Earth which we in- 
habit, is at least the basis of the present order of things, 
as it is a thirteenth condition. 

But here the difficulties of discovering a just theory 
are renewed. There has been a subset(uent revolution. 
Or there have been more than one: but which of these 
IS the fact, our knowledge does not yet enable us to 
determine. The condition of that Earth which is, at 
IcHst, a fourteenth one, differs from the preceding in 
those two essential facts which constitute the elevated 
" tertiary" formations, together with the Italian, and 
P»'obably some other, alluvia. But, at present, we have 
Oo evidence to prove whether there was, here, one re- 
solution, or more, with corresponding conditions of 
th^ globe, and, therefore, an Earth, or Earths, different 
'*"om the preceding, and anterior to the creation of 
■^*Ian, Whether tiiis blank will be filled, or not, here- 
after, I aui unable to foresee ; and it is not here my 
business to suggest the means. It ia sufficit^ut, that 
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in conformity to my design in this Sketch, I have 
pointed out to Geology what it has neglected. It may 
possibly 1)0 hereafter proved, thtit there was, at least, 
a fifteenth condition, prior to that earth which was pre- 
pared for the hahitation of Man. And if I need not 
recapitnUite the Evidences for these views, I may at 
least say, that from the fourth condition onwards, it 
consists in facts which all geological philosophy ha^! 
admitted as valid proof, as far as it had applied thein^^ 
though not having before perceived that they were of 
such wide application. 

Still, there is another question to be asked, which 1 
I cannot answer. St, Helena, Ascension, the Canaries, 
and many more, with many of the coral islands of ] 
the Pacific, have been elevated, cither totally or par- 
tially, at some not extremely remote period, or periods. 
Do these actions belong to the last condition, or are 
they of posterior date, or dates; and, if so, are th 
also anterior to the creation of man? Do they, 
short, imply a further condition of the earth, previoil 
to the actual one? Geologists have never even thought 
on this subject: to this hour, they have scarcely . 
thonght much more deeply than the Werners, wl4^| 
had dreamt bnt of one earth and one condition, fron^i 
the prime creation to the present day. I am sorry 
that I caitnot inform them : hut I have at least shown 
them that there is more to be yet learned than thi 
had ever imagined. 

Reserving the theory of the Oiganized creatio 
such is at present the basis and essential portion of 
Theory of the Eartii ; since it is the history of 
progress, as a planetary globe, from its first appare 
production, onwards, to our own Creation. But a 
view of the, ])robable causes and the further nature 
those revolutions is also necessary; while if, here al 
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ttiere are some imperfections, the essential facts are 
matter of uiulisputcd Evidence. 

There can be nothing in the nature of Revolution, 
strictly speaking, till the third condition, iu which it 
is presumed that the unequal expansions of the in- 
terior fluid where producing mountains during the 
progress of cooling: while I must liere mark, as 
evidence of such a proceeding, that the Moou presents 
this very character; heing evidently a globe with a 
solid irregular surface most obviously produced in 
this manner, at very different periods, without stratified 
rocks, and, thence, rocky through the cooling of 
fluids alone; while the evidence, not merely for the 
fact, hut for the progression, and for its very cause, is 
seen in its volcanoes, successively produced, and still 
occasionally active. 

If such expansion, with effusion of igneons rocks, is 
thus the cause of the subsef|uent Revolutions, so, from 
the third form of the earth onwards, it becomes de- 
monstrated, and as to each successive one, with some 
hesitation perhaps as to the lignites, by facts which no 
philosophical geologist now disputes, though I have 
here multiplied the number; yet, in no case, without 
tbe same evidence. It is sufficient to say, that the 
immediate demonstration rests in the volcanic rocks, 
and in the effects of their powers on the stratified 
ones; and that the various analogies, both in the pro- 
duce and in the effects, extend this ahsc;lute and visible 
evidence, retrogressively, though the whole system. 
Where that evidence was formerly doubtful or dis- 
puted, I have now also completed it; by tracing the 
■whole of the expansive actions backwards from the 
toral islands, and by showing that there are a suf- 
ficient number of distinct productions of igneous 
•■ocksj succeeding each other at intervals of time, to 
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account for every new modification which the Earth 
has undergone ; with the preceding doubts, only. ^| 
If, thus far, the theory seems perfect, there is ™ 
involved difficulty whicli geology cannot yet solve, 
and probably never will; since I cannot foresee whence 
evidence can possibly come. The expansions, or 
Revolutions, in the first, solid condition, or third form 
of the Earth, ought to have been numerous and long 
continued, on general principles; it was a durable 
state of commotion, as of solidification. In the sub- 
sequent ones, the apparent effects are those of a single 
action of the same nature. This is all that we see: 
yet if allowed to infer from the present nature of vol- 
canic action, it is more probable that each such con- 
dition of revolution was tedious, and the disturbing 
motions successive. 

Further than this, I can say nothing: but I must 
rc-urge that difficulty which forms an additional blank 
in a true Theory of the Earth ; while, as to this also, 
I can foresee no chance of evidence. Was the whole 
Earth, or only a portion of it, involved, in all those 
cases which I have here marked as successive condi- 
tions? This is a most important question: for the 
blanks which it leaves unexplained, are enormous; 
inasmuch as it includes the weighty fact, whether 
the revolutions concerned in the coal and in the lig- 
nites were limited, or not, to one portion of the globe, 
as the posterior one which acted on Italy seems to have 
been much less than universal. On this, I am power- 
less: and can only remark, that every other one ap- 
pears to have been universal, from the presumed ex- 
istence of similar strata all over the globe, as far up 
at least as the red marl, itself a portion of that state 
of the earth which is nearly the latest. 

But there is one important fact connected with the 
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actions, which I must not pass without notice: while, 
if the cause be unknown, the broad deductions from 
the remark are as new as the fact is certain j he its exact 
nature and bearings what they may. If it is a subsi- 
diary fact in a Theory of the Earth, it is ncvertlielcss, 
deeply imphcated with any pretence to perfection in 
such an attempt. If subsidence as well as elevation has 
been proved, thus establishing some probable system of 
counterbalances, or of alternations in a moveable sohd 
surface, so must there be some peculiarity ot structure, 
on an enormous scale, in some portion of the earth; 
though a structure can only he conceived of that which 
is solid. And the evidence of this consists in the ex- 
tended uniformity of the elevations of strata, sometimes 
producing corresponding movmtain ridges; as the fre- 
quent linear directions of volcanoes are evidences in 
support of this view, utterly obscure as the cause and 
the exact nature of the fact may be. 

Thus far I have stated, as clearly as I can In so brief 

a space, the entire fuundation of a Theory of the Earth, 

with its Evidence. If still reserving many subsidiary 

points, that I may keep these matters disentangled, I 

tnust now go back to what is, in reality, the object of 

the highest ultimate interest, namely, the theory of the 

Organic Creation, as far at least as it is connected 

Vi'ith the progress of the Earth, or, as far as it is a truly 

geological question. All beyond this appertains to the 

Natural history of organized bodies ; and it is fully time 

that this should be separated from what is pure geology, 

that, as a distinct science, it may receive due attention 

from those who are really competent to pursue it. 

Unfortunately, this portion of the theory is very ob- 
scure, and is for ever likely to remain so ; as the evi- 
dences are also in a great measure inferential and un- 
satisfactory. As to the existence of such beings ia 
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iJitioiis of tlie Earth, it 



'crfcct, whercrc 
we find tlicir remains ; whatever otlier difficuiti 
subsiat on collateral (juestious. 13nt I know n( 
to treat the entire subject, without commeucin 
that presumed fact, being my own belief, that every 
limestone has originated in animals, and all ( 
not all carbon, in vegetables. I cannot now repeat tl 
reasons: they have precededj under all the argunien| 
that I possessed : and those who will not accept 
this subsidiary theory, can therefore cut oif from wba" 
follows, all that depends on this supposition ; vt'hile, ij 
they rank it with the blanks of the Theory of tli 
Earth, all else, founded on the presence of organic 
fragments themselves, will still remain. ^M 

The micaceous schist of the primary strata contain^^ 
fragments of limestone ; and there ought therefore to 
have been an animal creation as early as the fourth 
state of the Earth or, in the very first terraqueous 
globe, in which there were only igneous rocks. We 
may believe them purely marine ; while if there is 
no analogous evidence of some vegetable creation, thj 
peculiar circnmstauces leave that negative of no weigl 
To many, I fear the argument from Final causes will 
possess no force in support of this view: but if the 
very purpose of the Earth, in the plans of the Deitj^^ 
was to be the habitation of Life, we ought to expe^H 
some inhabitants, as soon as this new planet was ca- 
pable of receiving any; and these proportioned, in cjua- 
litv and numbers, to its capacity for supporting them. 
"With myself, I confess, this argument always carries 
great wciglit, wherever it is applicable: I need not tell 
the metaphys.tian when and why it fell into discredit; 
and I would rather not say why there are philosophers, 
philosophers in all bi.t their views of a Creator auj 
Governor of the world, who will not receive it uow. 
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In the early portions of the "primary" strata, there 
are Umestoues in considerable quantity, and therefore 
formed under the ocean of the second terraqueous, or 
fifth earth. In the later, there are organic animal re- 
mains in abundance ; whence that Earth was assu- 
redly inhabited, during at least its later periods. I 
must presume, that it was thus inhabited at as early a 
period after its change as it could have been; partly 
in consistency with what I have already said, and partly 
because, having demonstrated that it ia the effect of 
heat to obliterate organic remains in limestone, and 
that the earlier primary strata have been especially 
under its action, their absence forms no objection. 
Thus also does the absence of such bodies from still 
earlier strata, cease to be a difficulty ; as these facts 
render the present theoretical view of the origin of 
limestone more probable. And in further support of 
such a view, let it also be remarked, that as the organic 
creation necessarily increases during any period of re- 
pose in the earth, so is it true that the limestones aug- 
ment in proportion as we ascend in the order of these 
primary strata ; as the organic bodies also remain 
^vhere the heat must have been least. I need only here 
refer to some former facts respecting the existence of 
organic animal fragments in even the earlier primary 
strata: and thus also, from analogous ones respecting 
primary coal, content myself with simply inferring 
some vegetable creation. Whether this was marine 
only, or terrestrial also, will never now be known: but 
under the preceding metaphysical argument, I can 
iifcver beheve that there was a dry laud, covered with 
ulluvia and soil, as it must have been under degrada- 
tion, which was not occupied by plants at least. If it 
possessed terrestrial animals, they could not have been 
preserved, as I formerly showed; so that this negative 
VOL. II. ^ T 
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also, proves iiotliiti'^. And these have been the tliii 
piited points. Every one l)elieves in the existence 
organic beings, both vegetable and animal, in each 
subsequent stage of the earth ; and I may therefore be 
the more brief in my remarks on these. H 

The organic creation of the sixth form, or third 
terraqueous condition of the Earth, is found in the old 
red sandstone and its subsequent hmestone. The n 
mains prove a marine creation of animals, but not 
terrestrial one: yet, as before, I cannot allow this n 
gative any weight against the general argument. Vi| 
getables were created for food to animals ; it is t 
final cause : there are terrestrial as well as marine V( 
getahles ; and therefore a terrestrial animal creation 
should have existed. 



I 



Having already stated my uncertainty whether th 
seventh condition was partial or general, it is here also 
that there commences a great obscurity in the general 
Theory, as far as it relates to an organic creation. We 
have evidence only of marine animals, contained in 
those, yet unsettled, strata, which must have been 
forming under the ocean while the preparations for 
coal were proceeding above it, and of such animals of 
fresh waters as are also preserved in these. Were theaH 
terrestrial quadrupeds ? I confess that even my ow? 
faith in the general argument, as to this condition at 
least, is somewhat shaken by the negative fact, that 
their remains have not yet been found in the coal strata; 
since the circumstances appear to have been favourable 
to their preservation. But I will uot speculate : sinq^ 
this is no part of ray plan : it is another blank in || 
Theory of the Earth, and I leave it a legacy to futn- 
rity. Of a terrestrial vegetable creation, the records 
are most ample, since we owe the coal to it. 

From the eighth condition, in which the coal is be- 
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nealli the sea, onwards, the earth has been amply in- 
habited at different periods, though we may not be able 
to separate the records of tliis state^ or these states, 
now preserved in onr uppermost secondary strata, from 
those of the former. The lias is, itself, evidence of 
terrestrial quadrupeds ; though the animals, hitherto 
found, are, solely, amphibious, or flying ones ; but I 
need not repeat, that wc have no right to decide on 
the non-existence of others, because we do not find 
their remains ; as it is superfluous to say that there 
also existed a creation of terrestrial vegetables. 

In that nearly final condition of the Earth in which 
the last secondary strata had emerged, we are assured 
of an extensive terrestrial creation ; while, beyond this, 
I need not now enquire, since the other forms of life 
are implied : as these remains occur in that existing 
condition, respecting the number of which I need not 
now repeat the doubts ; being those found in ccrtaia 
tertiary strata and marine elevated alluviaj which have 
excited 90 much attention. I have formerly said, on 
the subject of such deposits generally, that the nega- 
tive evidence of the non-existence of human remains 
is not sufficient to prove that the creation of Man had 
not occurred at this period : but I think this general 
conclusion will be made by all philosophers grounded 
partly on history, and partly on geological circum- 
stances which I need not now repeat, namely, that, 
onr own Creation was not appointed till the last great, 
if partial changes, had been completed, and that it be- 
longs to a condition of the earth removed by at least 
one stage, if not more : which will therefore find its 
numerical place, as it may hereafter be decided re- 
jecting the later revolntions. 
It docs not appear to me that the evidence respect- 
ing the nature of these organized beings can nov( ^o 
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any further ; and it is not within my phin to speculate 
beyond proofs, nor to state the prevailing opinions re- 
specting successions, improvementSj, or whatever else, 
in which geologists have indulged. There is no Evi- 
dence : and if this is to be considered a needful portion 
of a Theory of the Earth, I believe that it is for eve|fl 
likely to remain a blank. Whatever has been pio- 
posed is fanciful, if not false : and, when pretending 
to proof, resting on that negative evidence which is 
nothing ; since too ranch must have been lost, to alloniM 
of those conclusions which have been so wantonly or 
ignorantly drawn. 

On this portion of the Theory of the Earth, it re- 
mains to ask whether there was a new creation for each 
condition, or whether it was uninterruptedly progres- 
sive from the commencement. There seem to me to 
be two geological arguments for extinctions and re,- 
newals : it is another enquiry whether these apply t| 
each condition here enumerated. The first is, that 
we cannot conceive a general revolution from fresh 
formations of igneous rocks, without a total destruc- 
tion of all life ; and the other, that we find certain new 
sets of strata commencing without the presence of or- 
ganic remains, while these increase in the progress of 
time. To apply these arguments is less easy: while I 
admit of no third one, derived from the characters of 
the remains, since it can have nothing to rest on but 
the negative evidence which I have so often rejected, 
and since every thing hitherto advanced on this sub- 
ject is purely hypothetical. Admitting these argu- 
ments, we ought, I think, to conclude, that the organic 
creations of the two first inhabited globes were really 
destroyed and renewed. This is probably true of the 
third also; but at this point our doubts must com- 
mence; because it is here that it becomes unccrtaii 
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bow far the revolution of the eartli was general ; yet 
if any portions of the red marl or the magnesian lime- 
stone were then also forming, the second argnment 
will be in favour of such a supposition. Be this as it 
may, I think there cannot be any doubt respecting an 
entire destruction, at that period, the fourth revolu- 
tion, which produced the eighth form of the globe, 
when we sec that its universality is indicated by the 
wide range of the red marl, and find that this great 
deposit contains few or no organic bodies. And it 
seems to me that we must argue in the same manner 
respecting the green sand, similarly circumstanced, in 
this respect, to the red marl, as I shall again notice : 
while if these conclusions rest on the second leading 
argument, we must infer, from the first, that the 
last revolution, elevating the chalk, must have been 
attended with an universal extinction of hfcj since 
only an universal production of igneous rocks could 
have thus displaced the enormous masses here implied. 
Beyond this, there seems no reason to presume on the 
entire extinction of what had been created after the 
]ast event of this nature; of those races which inha- 
Ijited that Earth which is the basis of onr own. All 
further revolution appears to hiive been partial: and it 
is perhaps even evidence of this, that some at least of 
the very same species preserved in these newest strata, 
"tertiary," and marine-alluvial, are identical with ex- 
isting ones. 

Thus then, if these views arc correct, I have demon- 
strated four extinctions of antecedent organized crea- 
tions, while there are two more, perhaps less satisfac- 
torily proved. Each of these, conseciuently, admitting 
the whole, implies a previous distinct creation; while, 
as one nmst be added, subsccjnent to the last general 
revolution which elevated the secondary strata, there 
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should have been seven distinct creations oP organic 
life. But there is yet one njore, if, as seems to be be- 
lieved, the quadrupeds of the tertiary strata were not 
created till u later period ; while the creation of Man 
and some other races of animals will still remain to be 
added, under the general geological and historical ar- 
guments which I need not now detail. But I desire 
to be brief on what is most doubtful : and I therefore 
leave this, with much more, to those who may prefer 
a system, alternately theory and hypothesis, under the 
name of Theory, to a chain in which many demon- 
strated links are separated by some broken ones. This 
only I ought to remark in general ; that whether in- 
terrupted or progressive, or both together, the organic 
inhabitants of the earth appear to have augmented, in 
numbers, in variety, and apparently in perfection, if 
not regularly, from the commencement : while we 
might even have decided on this a priori, knowing 
that its quality as the habitation of life, had been pro- 
gressively improved. Respecting imaginary changes 
of temperature or axis, I will add nothing to what 1 
formerly said : there is no Evidence for either, and 
there is opposing evidence : yet if I formerly adduced 
the non-production of peat in hot climates as an argu- 
ment, let me so far correct this, as to state, from some 
more recent information, that a kind of peat is gene- 
rated in the Indian Archipelago ; yet not on such a 
scale as to invalidate it. 

Thus have l,to the extent of my knowledge, sketched 
the fundamental and general Theory of the Earth, and 
its progression to our own days, from that first state 
which we may infer to have followed the act of abso- 
lute Creation. But there are many subsidiary points 
yet demanding notice, which, if I have separated theui 
for the sake of ckaincss, can be easily transferred to 



thilOry of the earth. 



439 



I 



I 



their places, in the mind of any reader. I must first 
examine what belongs to the theory of each distinct 
condition of the earth. 

Of the sixth, being also the first aifording any re- 
mark, I have said all that 1 know, in suggesting that 
its strata, consisting of our primary, must have origi- 
nally resembled the present secondary ones ; and I will 
not dwell on what any geologist can supply, or con- 
jecture as well as myself, respecting this condition of 
the earth. But the conglomerate of the old red sand- 
stone proves that tumultuary state of the waters, at 
the previous revolutioUj whence I have endeavoured, 
by analogy, to deduce the causes of certain modern 
alluvia : while the sufficient absence of organic bodies 
is the argument for an extinction of life at this period. 
If the monntiiin limestone marks the gradual increase 
of life, and, as I formerly suggested, the production of 
coral banks, so do some of its remains prove that it 
was, in some places, formed in shallow sestuaries, in- 
dicating therefore rivers. But it is superfluous to 
say that some of them also denote n terrestrial vege- 
tation, since it is on the dry land of this Earth that the 
preparations for coal arc in progress. 

If the theory of co;d is therefore included in this 
subsidiary portion of the general theory, I need but 
repeat, most briefly, what 1 have formerly explained at 
great length, and under ample evidence. Be the plants 
\vhat they may, they were the inhabitants of moist 
lands ; of the marshy margins of aestnaries, and pro- 
bably also of inland lakes. Their remains were depo- 
sited as peat is now ; and where coal beds alternate 
\vith rocky strata, it is because such beds of peat were 
Occasionally inundated by earthy matters. But I can 
See no method of explaining the great depth of these 
UepositSj except by slow subsidences of the land, per- 
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iDltting fresh successions of vegetation at the same 
low levels : while, if I may again resort to the argu 
mcnt from 6nal causes, the importance of the ultimate 
object will justify such a proceeding, and in the case 
of the lignites as in this one, under what we must be- 
lieve of the Designs of the Deity in the creation and 
arrangement of the Eartlu 

If I can but repeat my entire ignorance of the con- 
dition of the earth after the depression of the coal 
strata, it is here at least that the vegetable deposits 
were mineralized ; while I have shown reasons for be- 
lieving that this change was not induced by heat. Bu^y 
the great blank in a Theory of the Earth which hptli| 
remains to be filled, respects those strata which must 
have been forming at the same time as those intended 
for coal were growing, in the preceding state of the 
earth, and which we cannot now distinguish from 
those which have been subsequently deposited : while 
there are the same precise difficulties also, respecting 
those periods in which the two great lignites ai 
forming. 

Respecting the strata which follow the coal series, a 
little will suffice, after the remarks in a former chapter 
on the subject, and the preceding ones on the condi- 
tions which include the lignites. If the inferior lime- 
stone, not alternating with earthy strata, and containing 
coral, appears to have been formed by coral banks, 
those that contain shells, and include earthy strata, have 
been produced jointly by the growth of animals and 
the degradation of land. If I assigned two possible 
causes for the magnesian limestone, I even now hesi- 
tate whether, being a probable produce from the moun- 
tain lime, by degradation, it might not also have under- 
gone the action of heat ; so much is there, in the cha- 
racters of. the red mail, to lead to a suspicion of thi» 
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ifluetice. And if I consider tlira great deposit, with 
Its salt and gypsum, as constituting one of the greatest 
blots iu a Theory of the Earth, let it at least be de- 
clared that we arc in a state of utter ignorance; tliongh 
let me repeat, that its wide extent, added to characters 
so peculiar and so uniform, indicates some peculiar 
condition in the earth, at, perhaps, the periods of 
its formation and elevation both, which marks our 
ignorance even more than the presence of these 
minerals. 

If the lias denotes a marine deposition of ordinary 
alluvia, accompanying the increase of marine animals, 
the presence of terrestrial ones in certain portions of 
it indicates nothing more than its superficial position 
at these points; proving also nothing respecting the 
nature of that creation. But while the oolithe, or what- 
ever analogous series may exist elsewhere, marks the 
gradual increase of marine animals at least, its oolithic 
portions possess a peculiar interest, connected with 
tihose depressions which 1 have argued in the preceding 
^ew of the Earth's conditions. These can Only be 
formed near the surface, or on sea shores, while, as 
■"•rhey are now vertically separated by solid calcareous 
strata, it indicates the very changes of level in ques- 
'•lion, during the progression of this great series; and 
'•ihus tends to confirm these views ; as it also corrobo- 
*t-ates the former theory of the mode in which the suc- 
^i^essions of coal beds have been produced. 

The absence of organic bodies and limestones from 

Xargc portions, at least, of the green sand, marks, as I 

^already said, the importance of the revolntion pre- 

^:;eding the deposition of this series. The subsidence of 

the first lignite seems to liave destroyed life, as tluit of 

"the inferior coal did ; and the results are seen in the 

green saud, just as in the red marl. How far this 
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might Lave occurred at the depression of the former 
and tuitecedent to the deposition of the chalk, must 
roiuain a question, till the interval hetween the upper- 
most h'gnite and the chalk is hetter known than it 
seems yet to he. lu the preceding one, at least, supra- 
niarinc rocks are degraded, through a long period, hut 
marine animals do not exist, or have heconie rare. If 
J formerly called this a great hlank in the Theory of 
the Earth, I cannot hat consider the present view as 
proved : while, under a revolution of this character, 
we ought perhaps to expect what has not yet hccn 
found ; discordance of position, as in other cases, and 
this now forming the real hlank. If the general rela- 
tion of the chalk to the green sand, marks, like that of 
the oolithe to the red marl, the gradual increase of 
life, after exthiction, I need but slightly repeat, that 
the clays, sands, and gravels often found above it, must 
have been superior marine deposits, whether they are 
now rocky strata or not, and that it is not therefore 
the last. I have left little to say respecting the lignite 
coals. Except ia some few cases of transportation, 
and in others, where they have been derived from 
marine plants, their origin is similar to that of the in- 
ferior one, if perhaps they are always the produce of 
shores or aestuaries, while the other is often lacustral. 
Taking as our type, the great floats of wood brought 
down l)y the American rivers, we can conjecture r 
specting those of transportation : but this source 
exclnded whenever they are repeated with intermediat 
rocky strata, and with vegetable fragments and beds of 
shells, marking a regular stratification under repose ; 
as it is also, under the great extent which many occupy. 
But for the certainty of this, the former view of revo- 
lutions and conditions, from the coal to the chalk, 
would be u fublc: while in tliis case, as in the inferior 
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til, that system of depression which so many other 
facts prove, explains the successions of the beds. 
Respecting the chemical theory of all coal, I have 
clearly traced it from peat^aiid, when necessary, through 
the organic lignites; proving also that the entire pro- 
cess of bitutuinlscation is the effect of water, not of fire; 
whether or not the former is the exclusive cause of the 
jircscnt mineral character. 

Inhere remains another siihsitliary point to be noted; 

most conspicuous in the more recent strata, or later 

conditions of the earth, if, probably, not less true of 

every set. How far it may affect any of the present 

views of a Theory of the Earth, will only he known 

when the whole globe has beeu better examined than 

even Europe has. Hitherto, with some knowledge, 

there has been still more of presumption. In spite of 

all the warnings of philosopliers, it is surprising how 

seldom men have cn()uircd why they believed, how in- 

veterately they have persisted in the imaginary " truths 

which they have inherited without any industry or ac- 

fj uisition of their own :" assenting without evidence, 

iind persisting against it. But " all the world are horn 

to Orthodoxy : they imbibe at first the allowed opinions 

f^f their country and party, and so, never questioning 

^tiii truth, not one of a hundred ever examines." 

I have fully shown, that the necessary circumstances 

^tider which every deposit of strata must have been 

*orrned, render it impossible that they should he ideii- 

^**^al, either in quality or order, beyond certain limits; 

^•^Ht, in reality, all of them are more or less partial, 

^h ile some are conspicuously so ; and that they cannot, 

^^tller in consistence with this, or with the laws of ani- 

^^\ life, be identified, under remote positions, by means 

P' their organic fossils : and the conclusion therefore 

'*> tLat under every condition of the Earth, the deposits 
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of Strata have been independent; regulated by tlie lands 
that produced alluvinl matters, and tbe seas that re^H 
ceived them and bore animals. ^^ 

Among' the primary strata, this is proved by the fact, 
that in no two parts of the world, are the successions 
similar: while the correspondence of mineral quality 
proves nothing, as being the result of the universally 
influencing cause to which they have been everywhere 
subjected. Sandstones, shales, and limestones, must 
have ever been the germs of all strata: and all beyond 
this is the produce of heat. And the variety of order 
in the primary strata, now represents a similar varicti^ 
in those which were once secondary. ^^ 

It is not yet known whether or not the old red sand- 
stone and mountain lime occur all over the world: aoi^H 
till this be ascertained, even the preceding theory may^ 
be untrue, as far as it presumes on an universal revo- 
lution at this period; just as it may be in the case of 
the coal strata, Bnt it is beyond this that the greater 
difficulties commence, and the greater assumptions 
exist. Even in Europe, I have shown that the identity 
of the upper strata is often conjectural, and often falsely 
asserted. And Geology, with geological theory, must 
remain greatly defective, even in the most fundamental 
facts, until their analogies at least, since I cannot admit 
of wide identities, shall be traced throughout the world. 
If here also, therefore, a Theory of the Earth is defec- 
tive, it is important to point out, as strongly as may be, 
one of the hypotheses which now especially obstructs 
its progress. I need not say that my own sketch is, 
conserjuently, deficient in this branch of the total theo- 
ry: yet I have not made the hypothetical division 
England a rule for even Europe, however appearing ttT 
have done so, and not also presuming beyond this, 
since I consider the continental deposits which English 
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geologists have forced into a. corrcsponclancc with our 
own, as sufficiently analogous to let this branch of the 
theory stand, to the extent that I have assumed. 

But I must note this. The secondary strata have 
been divided into groups, termed " formations." This 
is as much hypothesis as the forced correspondence of 
remote deposits of strata: while these arrangements, 
which have often also been changed, are so purely fan- 
ciful and capricious, that I cannot conjecture, even 
what the assumed ground is ; what the reference to the 
act of formation or production; if indeed there has 
ever been one. Nor can I see any ground for such 
groupings, but those which I shall here state: although, 
whether the following principles be admitted or not, 
there cannot possibly be a natural group of any rocks, 
including, within two portions of these, either of the 
great lignite deposits ; since these are the very evidences 
of a terminated marine stratification. Nor can the 
received groups be natural, or just ones; from what I 
have proved respecting the deposition of submarine 
strata while the coal and the lignites were forming on 
the surface. They have included, as following in ver- 
tical order, strata which were, most assuredly, not thus 
formed, and which therefore, however now inferred to 
Ijc, inferior ones, never can, in all places, be found in 
a state of actual inferiority. In no sense then, can such 
51 group be a " formation," if that term is to possess 
any meaning at all; since the strata associated in them 
"*vere once, in every sense, independent. And if it bo 
H. word to serve some artificial purpose, that is an evil 
One; because it becomes an hypothesis which is a de- 
*iaoustrated falshood, and therefore impedes the acqui- 
sition of real knowledge. 
^ If such have been the arrangements, I do not pretend 
to substitute a better method of grouping the upper 
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Strata: not only becansc I cannot trust the information 
collected by such observers, under such hypotheses, or 
because my own personal knowledge is insufficient, and 
that I do not see what is gained by philosophizing 
through the eyes of others, but because I have proved 
that we know nothing of those marine strata which 
are of parallel time to the coal and the lignites. But 
the principles of grouping seem simple, as far as any 
deposits are truly vertical in position ; without which, , 
it is plain that we can at present do nothing. And if 
geologists should receive them, time may produce what 
we yet have not, and give us at least something neareif 
to the truth. It is for this very purpose that I have 
laboured to state our ignorance as well as our know- 
ledge, and also its exact nature: it is not the easiest 
task in science, as every one knows: while unfortunately 
it is also a considerably offensive undertaking, to those 
who prefer the semblance and the reputation of know- 
ledge to its possession. 

A sandstone and a shale, singly or alternating, mark 
the degradation of terrestrial rocks; a limestone indi- 
cates the production of subaqueous animals under 
tranquility in the earth : and a coal denotes where its ' 
surface then was. Suffering the inferior coal deposit 
to remain as a single group, the space between two 
carbonaceous strata, and these being also untransported 
Ones, is therefore a group, of which we are sure: as 
we are in the case of a single and separate parallelism 
among the inferior strata of the earth. If there are to 
be large groups on any other principles than these two, 
let some one else point those out; for I cannot. And 
if smaller ones are desired, the principles seem to be 
these. First, that any great mass of strata, in truly 
and tangibly vertical order, geologically speaking, which 
is predominantly or conspicuously calcareous, marks a 
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period of rcpnsc in the earth, in which animals were 
nuiltiplying, and is therefore a great deposit; us it may 
/>€ a group by containing ititcrposed shales and sand- 
stones; these marking the joint degradation' of the 
land: while an excess of non-calcareons strata needs 
not give rise to a separate one. Secondly, that another 
group can be foyined of a continuous mass of alterna- 
ting shales and sandstones ; animals having disappeared, 
or become rare: while here also, a few calcareous beds, 
especially in the iipper portions, need not impede such a 
separation. Yet sbonld tlie limits be undefined in 
practice, thus leading to differences of opinion, we must 
console ourselves by recollecting that we caimot do more 
than Nature has done. And if Geologists will now show 
that they have distinguished the upper strata in this 
manner, we shall begin to understand each other; or 
rather, if they will hereafter do what they have not yet 
done, and further, trace the geographical limits of these 
groups, principal or subsidiary, in the world, or cvcu 
in Europe, we shall then discover how far remote strata 
and sets of strata correspond, and know, at least, some- 
what more of the agreement of " Germany" and " Eng- 
lanir'than from a comparison of their respective cockles. 
B«t I shall not end these remarks without adding, that 
>f the circumstances which 1 have poitited out as to 
♦he conditions of the earth following the coal should 
^c established, the classification formerly given will re- 
'juire essential alterations. 

The last subsidiary branch of the Theory of tbc 
Enrth, as far as anterior to its present condition, in- 
cludes the partial deposits, so much confounded under 
the vague term "tertiary." I was un«illing to pro- 
pose the entire disentanglement of this subject for- 
nifcrly : I must here endeavour to do what a general 
■Iheory demands. That some deposits more properly 
•'tlonging to the alluvia, should cotuddc ox \ic cow- 
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founded with the true tertiary ones, is what I cann 
belp ; wlieu, in some ot tbe cases, the causes are ide 
tical. I am still bound to separate these from the 
luvia, at some point: if I have not chosen the best, 
wit] he but for others to alter the order : the the 
itself will not be affected. 

A lake receives alluvia, and forms strata, jnst as 
sea does ; and lakes have done this in antient times. 
Such a lake also may have been fresh or salt ; or 
may have been salt at first, and subsequently freshened 
Partial elevations of land have occurred, demonstrably, 
in times before our own : and, affecting these, they 
are elevated lacustral deposits, salt, or fresh, or both. 
Similar strata arc, and therefore have been, produced 
in aestuaries. Under the same circumstances, they 
now form tertiary deposits ; while variations of cha- 
racter with respect to tlie marine or terrestrial quali- 
ties of the strata, may have arisen from terrestrial in- 
undations, or from marine ones, or from vacillations M^M 
the level of the land. And these secra to me all th^^ 
deposits which, in a just Theory of the Earth, should 
occupy this place : because they are included within 
certain antient revolutions : while it will be more con- 
formable to an order tracing the progress of the glol)e, 
to rank the deposits of lakes which hav^ been drained 
or filled, with the alluvia ; as we rank travertine. 

Thus, with the exception of one important subsi- 
diary point, as yet inexplicable, and of some others, 
a subordinate nature, which I hope to explain, I ha 
terminated this sketch of the Theory of the Earth, 
down to the period of its commencement under the 
existing condition, with the reservation formerly made 
respecting the volcanic islands. These minor mattei 
I shall here note, as briefly as possible, before I pn 
ceed to that which concerns our own days. 

Oil the theory of mineral veins, so important as to 
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form one of the £:rcatcst blanks in a general Theory, 
geology has not even a rational conjecture. J have 
already collected and analysed the essential facts on 
which it must be founded, as far as these are known; 
this at least had never been done : but I must leave 
the rest to posterity. That the theory of certain 
springs is another blank, it Is anfticient to note. 

I have shown that the unstratified rocks are all, 
equally, of igneous origin, carrying on the chain back- 
wards from the volcanic ones; that the mineral cha- 
racters of all the species are analogous, and pass into 
each other ; that a mineral character in any one has 
no necessary dependence on its period of production ; 
and that all have originated in the interior of the 
globe, with some local exceptions of earths fused in 
siiu. That, short of such absolute fusion and loss of 
form, antient strata of a simple character have become 
what our primary ones now are : while those which 
have been most exposed to heat have undergone the 
greatest changes, as, on the other hand, those which 
have felt less of this influence have suffered the least. 
But also, that, in all cases, where they contain inde- 
pendent crystallized minerals, these have been pro- 
duced by heat; possibly, often short of effecting their 
absolute fusion. And that all this is confirmed by lo- 
cal facts, which also give the analogous theory of cer- 
tain partial rocks, such as jasper, chert, and siliceons 
.schist. Whence also, especially, from the local fusion 
of conchiferotis limestone into marble, are drawn the 
inferences respecting the organic origin of the earlier 
limestones. And thus, referring to the several chap- 
ters for fuller details, the theory of each rock is as 
follows ; as far as they are not altered by water. 

Alt the granites, porphyries, and traps, with little 
exception, were fused and effnsed fluids, and their va- 
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rieties dcpentlj partly on the original materials, and 
partly on the tiuifs anil niodos of cooling. The ex- 
cejitions are thoSL- where the materials haveln^en fnsed 
witliont effusion : in which rasos, fragments of th^j 
original strata sometimes remain. ^^^M 

Al! the primarv strata hjrving originally been what 
the secondary ones now are, the latter denjand the 
first place. I'heii" materials are satul alone, or sand 
mixed with clay, or clay alone ; or either, or both of 



these together 



rtiiiced' with cakareous earth, or with 



hydrocarbonaceons matter, or with both^ or lastly, ^^lil^H 
bonat of lime. In these cases, tbcy are strata of a fii'^^ 
texture : hut they are coarse or conglomerate, by con 
taining the fragments, instead of the materials, of pre 
vious rocks, as they may also contain the fninferals 
those. The latter deniaml no fnrthef notice : the f( 
nier can consist of nothing but sandstones, shales, a: 
limestones; each, and tlie two former, especially, 
rying in qnality according to the ingredients. "I'hese 
two are separate strata, in conserfnence of the differing 
specilic gravities of their malerials in water, and be- 
cause those have been the produce of former rocks^ 
This is also partially true of the later limestbil^s 
least : but the great mass of these is the proddce 
shells, breeding beneath the sea ; while, often p 
serving those bodies, they arc conchiferons limeston 
And the same reasoning applies to the tertiary stt-ata 
I have attributed their consolidation to solutiotis 
silica and of carbonat of lime, or to pressuie, or 
both united. But they have possibly, or probabi 
been exposed to heat, as high np as the old red sand- 
stone, if not higher, so as to have suffered changtis 
texture: the arenaceous strata thus acquiring the 
pect of quart/! rock, and the shales that of prim 
schist. ' 
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Yet wherecver I have suggested tliis possibility, or 
probability, in any case, even in that vexations one of 
the red marl, let this never be forgotten. The moun- 
tain limestone contains shells; and shells are oblite- 
rated, even by the passage of trap veins, as I have 
aiuply proved. Therefore such heat, if it did act in any 
case, did not act as it assuredly has done on the primary 
strata, extcnsively> or universally. And it might have 
affected one deposit, snch as the red marl, without in- 
volving all above, or even below: since the non-con- 
ducting property of rocks, so much overlooked by theo- 
rists, will account for this, and much more. The whole 
solid portion of the globe needs not have been aflected 
by every effusion of ignited and fluid rock. And any 
one who will reflect, for himself, on this, as on many 
other subjects, here stated so briefly as to demand deep 
reflection, will comprehend what I could not have fully 
explained without occupying an entire volume. I know 
UOt that 1 have acted right in suppressing that volume, 
and thus condensing such a mass of thought. But it 
will give readers the opportunity of thinking: of that^ 
by which information becomes knowledge. ii 

With respect to the primary strata, their present 
nature and successions will indicate, with no great 
ditficulty, what those where wheu in their first con- 
dition. And the nature of the original materials, 
with the degree and mode of the heat to which they 
have been exposed, will serve to account, as well as 
.^e can now expect, for their diiferences. 
.,,, Gneiss, when gi-anitic, is, thus, an uneftused granite: 
as it approaches nearer to micaceous schist, the same 
theory serves for both, and also for the analogous 
schists i or the fusion has been less perfect or less du- 
rable : while, iu each case, the parallelism of the nnca, 
likf! the laminar arrangement of the felspar, and the 
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casual minerals, is the result of crystallization. Horn- 
blende schist is the prodncc of fused clayslate ; bein 
compound or simple under different modes of coolin 
as, possibly also under some difference of materials? 
and though quartz rock has been exposed to beat, it 
has not suffered fusion. Argillaceous schist has been 
in the same state as micaceous schist, where it contains 
crystallized minerals, and, possibly, always; since even 

shells would not be destroyed in clay, thoogh they are 

in limestone. Primary limestones have been in fusioi^H 
wherever they contain crvstiilli'/ed minerals, and pro- 
bably always ; with the obliteration of their shells. 
Diallage rock appears to be analogous, both to granite 
and gneiss : that is, to have been fused, either in situ, 
or with effusion; and thisappearstruealsoof serpentine. 
And pitchstone is a trap, essentially ; but the causes 
of its pecuUar character and limited place are not^^ 
(juite apparent. ^^H 

It having been long admitted that the action of heat, 
through Igneous rocks, affects strata in contact, I have 
shown that it also produces several concretionary struc- 
tures; among which, the columnar and the spheroidal 
are most particularly demonstrated; as is the fibrous, 
and also the schistose, if less common: an'd furthei 
that under any cause, the schistose structure of t 
primary slates is concretionary. I have also proved 
that such concretionary structures occur in rocks heatetl 
short of fusion, and, moreover, that this passes gra- 
dually into the crystalline ; proving a "connection, rather 
than an analogy, which adds to the difficnlty of all ou^j 
theories on the subject of crystallization. If 1 ha<^^ 
further shown that flexures might have been prodnced 
under the influence of water and fire both, so have I 
proved, that the crystalline polarity extends through 
large masses; whence, as I have just said, the paral- 
Je/isni of mica in the early rocks depends on this caus 
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Such is a brief summary of the involved points in 
the theory of the rocks of the Earth, in as far as they 
are in their original condition: hut that theory, as 
they are aow visible, is not perfect, till the postirior 
action of water, and apparently of air also, on them, 
is considered. 

1 have shown that water, so loosely united as to lie 
separable by evaporation, exists in every rock, though 
of igneous origin, as it does even in (juartii. Holding 
certain earths in sohition, it thus deposits theui in cavi- 
ties: and thence the theory of calcareous and quartz 
veins, under whatever form ; as also of the amygdaloi- 
dal nodnles, however complicated: these including the 
agates and the septaria. The crystals and stalactites 
of cavities are but the same things, uncompleted: and, 
in this latter case, I have shown that chalcedony en- 
tangles living vegetables and anruial remains, I have 
however left a possible exception as to quartz io the 
aniygdaloids ; having proved that it can he crystallized 
by suhlimatioD. 

If deep-seated rocks thus possess a different character 
from superficial ones, I have also proved that the in- 
cluded water sometimes decomposes them within the 
earth, without access of air; selecting even a single 
rock, stratified or igueous, while superior ones escape: 
thus explaining many former difficulties in geology, 
and ending many disputes, 1 have proved a stiii more 
important fact respecting some of the igneous rockft; 
though yet uncertain how far exposure to air also is 
necessary. This is, that crystalline traps acquire 
an earthy aspect, even to enormous depths, in tbi» 
manner; producing those chiystones, the cliaracter of 
which had, not unnaturally, caused many to deny this 
origin; thus relieving the theory of trap from a 
great former difficulty. And I desire here to sug> 
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geati' 'whether this also may not reconcile the fn 
quent earthy character of serpentine, with that forme; 
dependence on heat which I have also proved. 

I need make no new remarks on the decompositi 
and disintegration of rocks thongh expognre to wat 
and air: but having shown that these can separate soli 
scales from the surfaces of many, I beg to point oui 
the explanation of this as a problem for future geol 
gists ; while I have thus also proved that pecoharities 
of decoinpoaition do not always depend on concretio 
ary structure. And to conclude on this division of th 
Theory of the Earth, if 1 may now refer, backward 
to the list of demonstrated Pacts which proceeded this 
sketch, it remains to enquire of the present condition 
of the globe, as far as there is any thing which de- 
mands to be included in a general theory. And, frr» 
of the alhivial strata. 

The elevation of the secondary strata must havfi , 
brought up the submarine unconsolidated alluvia alsc^j^f 
while further, no such movement could have happened 
without the production of currents in the ocean. Thus 
have I explained those alluvia of obscure origin to which 
hypothetical causes have been assigned, be their cha- 
Tacters or places what they may: as this also tends ti 
explain certain traces left on solid rocks. 

These must be the earliest of alluvial matters ; but 
have proved that partial elevations have occurredsincc 
that period; partly through the appearances of tl 
tertiary strata, and partly by the nature of their organi 
remains. Since these cannot be separated at presen 
•either from the former or among themselves, I'ca 
but name them in some probable order; ivliileremar' 
ing that the elevated substances are either solid 
loose, whatever the causes of the consolidation ma 
be. Geology will probably never determine what th 
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periods, or the order, have been : but thq facts exist in 
Itiily, in iinmy islands of Africa and the Indiun archi- 
pelago, in the West Indian islands, and in tlic Coral 
islands of tlie Pacific ocean. "XTie power is that of 
volcanoes, of different periods; and, for the elevated 
substanceSj I must refer to preceding chapters. 

P>oru this point, there can no longer be any assign- 
ment of dates, since each class of alluvia is in daily 
progress, somewhere; jiS all have bqcn, from the com- 
mencement. 1 therefore ^nuster them as appears most 
convenient. Lakes have been drained or filled, at all 
periods, as the same events are still occurring. Their 
strata, eohd or loose, and sometimes containing organic 
bodies, have been confounded with the proper tertiary 
strata: as I observed before. Properly, they rank here, 
iu a just Theory. Yet let we ,reniai;k, that sqch events 
ought to have occurred in every anterior condition of 
the globe, 03 it certainly d'd at the foruiatjon of ,coal: 
whence perhaps have arisen some appearances in the 
antient strata, still requiring explanation, and also, 
some further cxaniinalian. I niigbt have said, that 
geologists have too much fo.rgotteu, t^i^t every antient 
state of the Earth irmst have resembled the present, 
us to its surface and the . changes to which this was sub- 
ject ; but they haA'e not even imagined thesic former 
Conditions; with but a limited exception. What such 
considerations, and many more which have preceded, 
will hcccafter effect for geological science, remains to be 
seen : it will never be known by me ; but it is some 
satisfaction to find that there is abundant work for the 
future, as I liave ihere endeavoured to copje^ture wliat 
it is; guided by the only beacon that an, ipiperfqct 
science can afford. If Geology is sleeping, let it roase 
itself: we are ever hearing a great deal that is not 
true, very luuch that leads to nothing, and far more 
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4han enough, of what we knew before. If 1 have don^ 
ro more, I have at least shown that there are wid< 
•fields still unexplored; it will be long yet, before ii; 
United food will furnish excuses for what it is now doin| 

Aiul now, let any one compare what the preceding 
System has told, with what it did not know, and could 
iT.ot tell. I .should be ashamed of it, couW I have done 
it better: but if its defects are now visible, as I have 
desired to make them so, it is also easy to see what 
every system, in every science, must be: being, what 
•I originally said, a view of what is or appears to be 
known, right or wrong; and no more. 

I need not separate the deposits of Travertine, under 
whatever mode, from these alluvial rocks. But let it 
be remembered, that I have proved the indifference and 
versatility of marine animals with respect to the cjua- J 
•Hty of water ; since this is an important fact iu the . 
Theory of the Earth, as that regards Life. ^H 

Rocks are, now, aa they have ever been, decomposed ^^ 
and disintegrated by the action of the elements; and 1 
may safely consider their produce as the first among 
terrestrial alluvia. Being moved through the slow ac- 
tion of the rains and gravity, they become partially 
transported, towards vallies, or into them. The depth 
of such local decomposition is often very great : and in 
defect of better causes, this is presumed to be a funda- 
mental source of denudations. The transporting pow- 
ers of ordinary raius alone, seem insufficient for all but 
the smaller subsequent effects : especially when the al- 
luvia themselves are not in the vicinity: but such tor- 
rents of rain as are conceivahle after the revolutions of 
the globe, together with rivers which have diminished 
or disappeared, from the degradation of mountain 
may also have constituted such a power; as ujay, fur- 
ther, oceanic currents, produced by some of the recent 
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partial elevalioiis. But I cannot allow that any such 
temporary current, however energetic, could demolish 
solid mountains. Thus does a full tlieory of deuuda- 
tion remain among tlic obscurities rather than the 
blanks of a perfect Theory of the Earth. 

The action of rivers has, from the comineiicerncnt, 
transported from the higher lands, the niatirialj* and 
fragments of rocks, produced partly in the niuniier just 
stated, and partly by their own force; thus gencratini,^ 
another class of alluvia. And these fill the cavities of 
lakes and vallies, extend the maritime plains, excluding 
the sea, and are, further, deposited beneath the ocean, 
to be the germs of future solid strata. 

The sea, receiving these, receives also the fragments 
which the action of the elements, aided by its own, 
takes from its boundaries : thus uniting with the ope- 
rations of rivers to enlarge alluvial shores, in return for 
the solid ones which are demolished. And such alluvia, 
being originally maritime, may, and do, contain marine 
remains. But as the sea line retires, they necessarily 
come to be found inland, and, sometimes, far removed 
from the present ocean. Being inferior, of course, to 
the subsc(|iient fluviatile ones, they often also retain 
their original levels; yet are occasionally elevated to 
considerable distances above that of the present ocean. 
In both cases, they have, negligently, been ranked with 
tertiary strata. In the latter, they are, strictly speaking, 
elevated marine alluvia: but while they onght to be 
distinguished from those, under this name, first enu- 
merated, since they are not the consef|uence of great, 
if partial revolutions, so is it proved that the relative 
level of the sea and land vacillate, aud that such eleva- 
tions have been the result of this tedious and almost 
imperceptible action. And there is no evidence of any 
other cause of the apparent dimiuution, or increase, if 
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that has beeu said, of the ocean, or of auy limited era 
thau cither this vacillation, or that filling up of basins 
and straits, through alluvial deposits, which atfec 
the former, under obvious causes, and, the latter, und 
the. coiisequences of tide curreuts. I will here add, 
that the alluvia of disintegration, of previous con 
tions of the earth, explain the local conglomerates ; 
the general ones find their explanation in those of 
more general nature, terrestrial or marine, tumultu 
or otherwise. 

The last alluvial deposits consist in the a^ricultur 
soil, and in peat. The former is the produce of t 
gradual decomposition of rocks and fragments : it, 
transported, universally, by means of rain simply; p 
tially, but more rapidly, l)y rivers; and it becoin 
mixed with decomposed vegetable matter. The Ijitti 
consists of tliis vegetable matter alone, which 1 ha 
shown to be a Jiydrocarbonaceous compound, produced 
by the action of .water, and resembling that which is 
formed by a close or modified heat; not being bitumi- 
,nous, but finally becoming so, and thus producing lig- 
inite, first, as it is also the preparation for future coal. 
tAnd it is formed under the sea and on jts margins, 
under lakes and on their shores, in marshes, and 
ill-drained places or declivities ; as it is, further, t 
produce of fallen forests, and is also occasionally tran 
ported, in a powdery state, by the flow of water. O' 
•cupying distinct deposits, or strata, it may also altei 
iiate with alluvial earthy ones, and further, wit! 
shells, or marl; thus representing the successions 
a coal field. I have only to add, respecting two. yei 
-partial idluvia» that I can discover nothing in those 
fthe Caves and the Fissures, ju-stifying the hypothesi 
On those subjects, or requiring any but the most ob- 
vious explanations. 
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Wi have done: and I leave this sfcetdi to its fate: as 
I leave its evidences to the judgments which an> able and 
willing to examine Evidence, and its hlank» to the in- 
dustry and talents of future geologists. I have suid, 
that I would f^ladly have given it in a far other form: 
with all the illustrative evidence and expansion which 
it requires, and with those drawings, without which, 
it is bnt a trnth, that I cannot, myself, read it satisfac- 
torily, after it is thus written. Bnt writers must con- 
form to what they cannot command. The spirit of 
commerce has discovered the art of obstructing what 
does not fill its own coffers: and, unfortunately, in the 
algebra of life, the mnkiplication of two negatives is 
not a source of production. It is, however, but a chain 
of fragments : nor must it be tried on the plea that it 
is a Theory of the Earth. I do not believe that a com- 
plete one will ever be produced ; because I think there 
h much that is inaccessible. And even a more perfect 
one must be of slow gro^vth, because it must depend 
on tedious accumulations of knowledge. But there is 
not a philosopher, versed in this subject, and capable 
of comparing what has preceded with that which was 
examined in the foregoing chapter, even where most 
rational, who will now say that a Geological Theory, 
to some tolerable extent at least, is a subject of despair, 
far less that such a term should excite ridicule; while, 
of those who are in ignorance, or who judge from snch 
attempts as Werners and many more, philosophy takes 
no heed. And I do not hesitate to say, that the pro- 
gress thus made, in the far most difficult branch of 
Natural History, in so short a period, under vei y little 
effective, through much ostensible assistance, and under 
the most' enduring obstructions, through false hypo- 
theses and bad observations, is such as to have no pa- 
rallel as yet in the history of Science. 
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Need I now add, that independently of its practical 
value. Geology occupies a lofty place among those 
sciences which tend to enlarge our vie\vs of the plan 
and conduct of the Universe, and of the government 
of its Great Author. It teaches us that this Earth - 
had a heginning : it almost introduces us to the very ! 
act of Creation : while, by rigid inference or by ana- 
logy, it ulso teaches us this of the Planetary system, 
and, finally, of the whole Universe. Theology and , 
metaphysics might have inferred this, as they ha^H 
often done: hut no other hranch of physical scienc^^ 
has ever dreamt of attempting to prove it: while I | 
know not that any science, excepting that of abstract 
quantity and number, has ever produced proofs so sa- 
tisfactory, on any point etjually wide and out of reach, i 
Doing this, important as it is for the satisfaction ^^d 
minds which, froiu various causes, the priori conclitfV 
sions of Theology and metaphysics do not reach, geo- 
logy also confirms that Record which informs us that 
Life was created at no very remote period, by demon- 
strating that there was a time without previous life, 
and that this also is a repetition of the conduct of the 
Deity at many preceding ones. 

It shows us further, that, as to the Earth itself, t 
plans of IVovidence are progressive and slow, asth 
are, in all else which we witness of His goveruiuen' 
slow, to us, to whom Time is a weighty element, 
not to Him, to whom a thousand years are but as o\ 
day. Thus ought they wiio have so long hesitat 
or feared respecting the Time demanded by geologi 
to fear or hesitate no longer. The past of Man, like t 
future, is the Creator's present : but foolish man 
would measure that Being by himself. I will not re- 
peat what I formerly said of the time required for the 
successive modificulions of this globe : but he whQ. 
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lias i-ead what has now been written, will see how 
much further he may venture, even till he loses him- 
self in a series of ages, which, to our narrow concep- 
tions, is almost an eternity. And have I not shown 
that what is thus consistent with the Conduct of the 
Deity is also not inconsistent with His revealed Word? 
If I have not, I have proved nothing; if there were 
aught in geology wliich contradicted that Word, I 
should be among the first to say, the science is in error. 
But it is not in error : it i» one of the strongest 
evidences, towards natural religion, as it is also a new 
one. For thus too do we discover the wisdom and 
the goo<lness, which, never leaving the earth without 
that Life wliich it was capable of supporting, has ever 
adapted its forms to those capacities: just as, during 
our own period, it changes the balances of the present 
ones, as the habitation itself changes, under His direct 
power, or under the subsidiary and appointed powers 
of Man. And does it not also teach us, that His Will 
interposes when needful ; that not even a secondary 
cause can, always, act, under that previous appoint- 
ment which an antient pbilosopby had supposed, and 
a modern one has, unwarily or ccnsnrably, followed ? 
Can the periods of revolution have occurred without 
His immediate interpiisition and command? And this 
is His Providence, Worthy surely therefore of regard 
is a science which thus demonstrates the chief attri- 
butes of the Deity, and thus elevates our minds to the 
Creator and Governor of all : which teaches us fur- 
ther, that all progression is improvement; almost also 
assuring us, that the destruction in whicli we have 
been tanght to believe, shall be succeeded by a better 
and a fairer earth, when He shall think fit to issue 
the Coinniand. 

TUG END. 
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I. On the Instruments reqnisife to a Geolt^st. 

The constraction of geolo^cal maps canoot be too 
ktrougly recommended, tboagh they should never see 
the li^bt ; since tbos only is practic:al accoxacr jb- 
taiui'd. While sucb a map also saves pages of mw- 
tvUipble description, there is much iBfomiatian dtf 
sum l)e conveyed in no other manner; as no cfmfidan 
can be placed in mere description, where nune da 
Olio rock is couoemed. Thns also does it beoamea 
tiMkt of tbe observer's 6delity ; -while, if that which bit 
Ikvu lururately examined is easily detailed, so man 
Wt* distrust written reports of matters demandiif 
iiuicb 4ittontion and labonr, if that which is comparB- 
tlxoly oAsy has been neg:lected. 

Hut MS such a map is sometimes tbe geologist's ob- 
jtxi, be mnst commence by the carefnl choice of a 
ti>pogTApbic one; since, if defective or erroneODS, it 
lH«C(tnioA tbe source of much labour and mncb doobt- 
ing. 'n^oy alone who know tbe facility afforded by a 
i^Hvl ma}v and tlic vexations of a bad one, will appn- 
tiate the importance of this object. It cannot wdlhe 
too larj*e ; from tbe narrow exteitf of many racks n 
nature ; while it may <^en be necessary to ealiife 
certain portions for tbis purpose. A imidtipliatT of 
details is also indispensable. Roads, rivers, biDsi 
houses, and xilla^s, form tbe retic^atm for the geo- 
logist's observations ; while, according to the muaber 
d accuracy of these, will be the &cility and the 
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value of Ill's records : though, in desert tracts, his know- 
ledge of surveying may sometimes be required. Thence 
also the most recent ruap should be selected ; since 
the works of man, at least, arc subject to chringes, 
fe-specially in improving countries; often causing egre- 
gious confusion, as at presetit in Scotland. 

Excepting military maps, few contain the forms of 
ground, so important to a geologist. The want of 
objects in mountainous countries is but imperfectly 
supplied by rivers; and, without that, an accurate 
geological record will always be difficult. The nature, 
positions, and boundaries of rocks, are often indeed so 
trttitnately connected with these forms, that a military 
Surrey becomes invaluable ; while they who hare ex- 
perienced its utility, will often gladly undertake this 
previous labour. It is to he wished that map-makers 
may at length become sensible of their neglect on 
this point ; and that their conjectural symbots may be 
replaced by delineations to render their works of use 
to more than the mere tra\'eller. To the geologist, 
the blackness of maps is also a serious f^ievance ; as 
it deprives him of the use of broken and delicate tints, 
in distinguishing among numerous rocks. Nor is it 
required ; since any ground can be fully expressed 
without it, as is proved by the recent maps of France 
ttnd Italy: while, if often arising from misplaced am- 
hitjou in the engraver, it is more frequently the fault 
of superintendents, ignorant of art. And a similar 
evil arises from loading them with symbols of forests 
and wastes, obscuring the much more important forms 
of the ground. 

,«i» All boundaries of rocks should he laid down, in the 
field, in the selected colours: and unless this be done, 
the produce will deserve no confidence : while the ob- 
sicrver himself will soon find that he can ensure accu- 
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racy in no otlier way. Ho who produces a map from 
his journal, dicats himself as well as his readers: of 
maps compiled from the notes of others, I can only 
say that they might as well not liave existed, if there 
be any raeaninfii; in the term map, or any purpose in 
geological topography: while I should insult the moot 
ignorant reader, by a remark on the attempt to pro- 
duce such a map from collected specimens. 

For verifying positions, a portable compass is ge^ I 
nerully sufficient : and it should he elevated on astaft', 
partly for convenience, and partly to avoid the eflTcct 
of local magnetic influences, far more common than 
is suspected, es|>ecia!ly in districts of trap. For more, 
minute observations, the two-inch sextant is peculiarly 
convenient, where all must be portable ; while the ner^ 
ccssity for a spirit-level cannot often occur. If comrj 
plicated and bulky machines have been invented for, 
taking the elevations of strata, their weight is not the 
only objection ; since these cannot be discovered from 
single, or even from many partial observations. Few 
strata present surfaces sufficiently level, or so coinci- 
dent with the general plane, as to permit of a true 
measurement through the base of these quadrants; 
many rocks also are inaccessible. But as the profi 
can generally be seen, a small ivory quadrant of tW( 
or three inches radius, or, for a less accurate eye, 
similar one which I have constructed from mica, Wi 
serve to determine the angle, by prolongation or co- 
incidence ; and with an accuracy as great as from par^^ 
tial observations through other instruments, whenc^^ 
after all, an average must be deduced. Nor can a ] 
tolerable eye require an appended plunm]et to deteq^H 
mine the perpendicular ; though this also is easily ap-^^ 
plied. And this simple instrument is equally uppli- ^ 
cable to a tangible stratum, hy means of a straigitt 
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staflT; with results even more true than tlioso of the 
instruments to which I have ohjected : thougli every 
geologist ought to know, that nothing is gained by 
tills fantastical accuracy. Where rocks are inacces- 
sible, a pocket telescope Avill often be of use ; but let 
no one imagine that he can thus supersede the neces- 
sity of a manual examination. 

If it has been the fashion to record the altitudes of 
hills, this is rather a question of physical geography. 
Yet they who have this ambition, must submit to the 
trouble of a barometer ; careful, however, that they 
do not mislead themselves, in the use of that which 
rec|nires many minute attentions ; the most freffucnt 
of its errors arising from the gradual admission of air, 
as the fault is also not discoverable til! correction is 
impossible. The pressure of the air itself is under- 
going frequent, and, often, sudden and considerable 
alterations ; so that imaginary diftbrences of altitude 
are sometimes inferred, from this cause, acting during 
the intervals of observation, or, under the use of dis- 
tant instruments, or, still more, under travelling ob- 
servations referred to a remote barometer. By com- 
paring the registers of Gordon castle, Kfnfauns, Mr. 
Playfair, and Greenwich, all carefully kept, I long ago 
proved, in a paper which the Geol. Soc. did not print, 
that under a varying state of the atmosphere, the 
changes are very far from simultaneous in different 
places. 

It is barely sufficient to name such things as a 
measuring tape and a chisel ; while, for blasting, the 
geologist must trust to occasional assistance. But in 
spite of inexperience or indolence, let him be assured 
that he can decide on no rock on which he has not 
laid his hammer. Their physiognomies are uncertain, 
they are often obscured by decomposition or by lichens^ 
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and the superficial characters are often also dift'erent 
from the real ones; from their containing water, as 
formerly showed. This tact, hitherto unohserved! 
cannot be known, unless from deep-seated specimens 
and hence the necessity of more powerful hanimeri 
than those in use. The form therefore becomes a' 
important object ; that we may command the greatest 
force with the least encumbrance. 

The hammer of quarrymen is a double truncated 
wedge : while nothing but extreme ignorance of ma- 
thematical principles could have extended this fonn 
to those of road-makers and geologists : whence their i 
inefficiency, even under an inconvenient increase of i 
weight. The fragment, in each case, is produced hy I 
exciting a vibration in an imaginary lamina, through 
a motion too sudden to be accompanied by that of th^H 
adjoining parts. It is forgotten that the communica^^ 
tiou of motion is not regulated by the momentum, 
simply, of the moving body. The weight and the ve- 
locity cannot be indifferently interchanged: and thence 
strange errors in many other matters also, of daily 
practice. But, not to enter further on this subject, 
suffice it, that it requires a time inversely propor- 
tioned to the tenacity of a body, to allow it to be dis- 
placed in a mass ; whence, if additional momentu 
he required, the weight, not the velocity, must be i 
creased. But if it is required to disintegrate the sami 
body, it is the velocity that rfinst be augmented, 
is by impulse that the stone is broken in the prese 
case. Hence it is useless to increase the weight c 
such a hammer, beyond that to which the hand c 
give the greatest velocity, since there is thus a loss 
power. I have taken four pounds as the extreme 
weight ; while two, or less, will, in a proper form, suf- 
fice for most rocks. 
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Bill that form depending on the mode in which rocks 
split, the whole impulse should fall on as narrow a line 
as possible. In practice, however, that cannot be ; 
because the centre of percussion of a wedge cannot 
easily he unide to impinge vertically on a surface. But 
the same object is suflficicntly attained by the impulse 
on a point, through a spheroidal form: as, in a sphere, 
it is evident that every direction will be, equally, and 
always, fully, effectual. But this being difficult t» 
construct, is also unnecessary, while the oblate sphe- 
roidal form is even better ; since the curvature of the 
etjuatorial portion allows of a narrower point of con- 
tact, with an equal weight, than a sphere would do : 
the breadth of that contact diminishing the power, for 
obvious reasons. With such a hammer, while every 
blow is effectual, it may be used blindfold, when the 
wedge hammer fails oftener than it succeeds ; while, 
admitting a round handle, and demanding no grasp, 
its head also forming no lever against the hand, as the 
long wedge does, it requires no muscular exertion in 
the fore-arm, and cannot strain the wrist by missing. 
Its duration too is almost eternal ; since, if too hard, 
the steel cannot chip off, while, if too soft, any former 
indentation is filled by a second blow. If, thus saving 
labour, our labourers have not adopted it, after fifteen 
years, it is perhaps explained by the indignation of 
the Welsh quarrynian at the presumption which could 
propose a better hammer at this age of the world. 
And the best form for trimming hammers, ia that of 
a tripled cube of steel, the weights ranging from three 
drachms to an ounce ; as the smaller fragments de- 
mand the least weights, according to the foregone re- 
marks on impulse and momentum. While also such 
a hammer possesses eight cutting edges, by reversing 
the handle, it is quickly repaired by grinding the two 
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faces, when douI)le the labour^ in the cliisel form, re- 
places but the original two. 

11,; On the Construction of Geological Maps. 



If 1 



out 



few rules for the constrnction 
pcrience will soon teach wh< 
L.they may he inoditicd or iniproved. On a i>Iack innp,j 
Lit is impossible to render inteliijjiblc a numerous or' 
'-intricate set of rockSj by any system of colouring; and 
hence a more vacant duplicate may become necessary ,i 
It has been proposed to associate certain colours with 
specific rocks, as their permanent emblems : but no 
project for this end has fulfilled the conditions, as it is 
in reality, impracticable. In such a hieroglyphic Ian- g 
guage, there ought to be a sufficient number to allowj|^| 
rvone for each rock, each ought to be readily distin- ^* 
guishable, however approximated, intermixed, or mi- 
nute, and each should also be immediately referable to i 
the key. They should fuither admit of being asso4^| 
ciatcd in groiips, indicating those of the rocks them-^ 
selves ; while, to unite harmony of effect with this, 
"would complete everything. Somerhing must there- 
fore be surrendered : and, this is, all hope of a distinct 
tint for each rock under every circumstance of approx- 
imation and extent, so that every mass will require 
its own key; while tliis is fully compensated by thc^y 
advantages retained, and the resulting clearness. ^H 

Though the distinct tints are numerous, not many 
can be distinguished on an engraved map, under their 
frequently minute spaces and intermixtures ; while, tta^ 
increase them by dots or hatchings, is only practicabl^H 
on a pale map and a large space. But I need not 
give a catalogue : remarking only, that it is conve- 
nient to reserve the intense and the opaque colon 
J'er the suudler sptices. Experience must still be til 
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guide : yet while nothing must be sacrificed to pre- 
cision, a cukivatc'd taste will contrive to produce a 
pleasing effect through the hiirmoiiy of colouring. But 
the utility of such a map is much increased by thus 
pointing out the affinities of rocks ; so that a glance 
will teach more than long descriptions: while it is the 
reproach of geologists to have hitherto neglected this. 
On this subject, however, a few hints must huffice, 
where details would be tedious. I'hus, in a secondary 
series, might the beds of limestone and of sandstone 
be associated by congenerous tints, thus might priuuiry 
be distinguished from secondary strata, and thus might 
the unsl ratified rocks be associated, and also contrasted 
with the strata; with much more that I need not now 
point out. \/ 

If tbe dips of strata have been indicated by 
strengthening^ the tint on the elevated edge, this 
produces confusion : and though a dart with a uum- 
ber are preferable, we cannot convey a true idea of 
dips and -superpositions, without sections ; the data 
for which ran sometimes be procured, but must often 
be inferred ; while imaginary must therefore be sub- 
stituted for true ones, taking care to avoid hypothesis. 
And by colouring these conformably to the map, with 
a symbol declaring the line of the section, the geolo- 
gist will have done all in his power to render his la- 
bours useful. 
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On amdttct'ing and descrihlng Geohgical 
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I 

^Bl' rhough th(' surface is extensively covered with loose 
materials, the rocks are sometimes exposed, as they 
can often be discovered through artificial works. And 
that which cannot be seen, is inferred through the 
^.powers of geological analysis ; whence we learn to ana- 
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totiiize the rocks beneath the surface, by the penetra- 
ting eye of science. In hilly countries, investigation 
is comparatively easy ; as the cliffs of mountains and 
of sea coasts often display, not only the rocks them- 
selves, but their order of succession and their minnter 
circumstances; teaching us also to construct sections, 'J 
or serving to check those which we have inferred froni'l 
more difficult comparisons of the surface. He who 
can commence from such a point, has often gained a 
firm foundation for his work ; since he can thus ex- 
tend the same conclusions to places of greater obscurity. 
Mountains which exhibit no precipices demand more' 
attention: yet, by givingpassagetostreams, they often 
display enough of their structures; though patient in- 
vestigation is here especially required, since true de- 
ductions can only be made by the comparison of many 
observations on the nature and positions of the rocks;' 
while the geologist mxtst add all his preliminary know- 
ledge to industry and acuteness. And here also must 
he carefully record observations; since the truth is' 
generally to be obtained but by a distant and final com- 
parison. And though deficient in streams, protruding 
rocks often convey sufficient indications of the internal 
strilctnre: although the student must be careful not to j 
mistake transported for fixed ones; while, if the sound] 
on being struck, and an irregularity of position in stra- 
tified ones, offer criterions, there are other circumstan-'* 
ces which words can scarcely convey, but which ex- 
[perience will give; forming him to that tact so well^ 
[illustrated in " Zadig." If superficial obser\'crs have 
too often trusted to the stones deposited by rivers, the] 
teach little or nothing: while, being often derived frot 
antient alluvia, they cannot even indicate their hirtHj 
places; as, in no case, can they instruct us respectln^j 
the successions or positions of any recks. 
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If the general covering of soil and cultivation, in 
low countries, forms a source of difficulty, the regu- 
larity of llie strata often produces countervailing ad- 
vantages. Under a low position, they commonly oc- 
cupy such large spaces, that a few points will often 
determine an extensive tract; while, in mountainous 
regions, the frec|uent changes of the rocks deiuand 
much [more labour. The first steps may indeed be 
slow ; but when a few strata, with tbeir successions, 
have been ascertained, the subsequent labour becomes 
light: while a final comparison will disclose what was 
at first concealed. If horizontal, or nearly so, it may 
often require time to ascertain the strata ; while quar- 
ries, wells, and mines must be searched, for what 
rivers seldom disclose in these cases. But such posi- 
tions arc rare, while the unequal declivities, in inclined 
stratifications, indicate the elevated edges, which may 
be pursued by occasional fractures and by the form of 
the ground; as this last, with the nature of the soils, 
aid us ill tracing the succession and place of each stra- 
tum. But if many other circumstances require atten- 
tion, the following remarks on the description of geo- 
logical appearances will comprise every thing ucedfiil. 
The general character of the country, with its moun- 
tains, vallics, lakes, rivers, coasts, and any other cir- 
cumstances of physical geography bearing on geology, 
first demand attention. And the alluvial deposits more 
conveniently follow, than in the order of superposition 
as strata, from their connection with the preceding 
subject; permitting thus a more luminous view of the 
whole. In these, the several kinds must be distin- 
guished; together with their origin and causes, demon- 
strable, or probable, and the effects tJiey may have 
produced as to the surface. It is by thus studying and 
describing those of foreigu and obscure origin, with 
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those of disintegration ami of partial transpurtation 
that we shall obtain descriptions not hitherto given} 
while if, under the flnviatile alluvia, the several effects 
in changing the original surface especially demand at- 
tention, so, in describing the niaritinie ones, not only 
should the changes of the coasts be noted, but the 
soundings of the neighbonriug seas and the alteration* 
which the relative level of the sea and land appear t^ 
have undergone. In connection witli this, should also 
be described the deposits of peat, with their associatci 
marls, together with the organic fossils of the alluvial 
soils: while I may here say, once for all, that these: 
will demand attention in every subsequent description' 
[qF the strata, under all the circumstances of their na- 
ture, positions, &c. which may throw any light on a 
[subject often obscure. In describing the rocks of a 
I district, it is generally convenient to commence with 
the lowest, as, with granite, if present; thus ascending , 
itlirough the strata, and terminating with the trap rockaJ^M 
ror, if they exist, with tertiary deposits and volcanoes;!^ 
[Yet it is often convenient to proceed in the reverse 
forder : while, if no absolute rule can bo given, the object 
is to gain some fixed point of departure to which every 
' thing can be referred, that the reader may acquire cor- 
rect ideas, not of the names alone, and geographical 
places of rocks, hot of all their relations. The endless 
volumes of useless description, compel me to caution 
the geologist against imagining that he lias described a 
district by the mere enumeration of its rocks; ofte 
even careless whether they are not transported an 
foreign substances. 
In granite, the extent and position of the masses shou 

first be noticed; with any rational inferences respccJ 
ing what is invisible. To this mnst be added its di 

lositiou, with it& concretionary ur otl^cr furmuj as albo 
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those circiiiustances of contact mid of veins hy which 
the relative ages of any masses luuy be inferred; with, 
of course, its connections and contacts with adjoining 
strata, and the several [)henoniena of its veins. And as the 
varieties of this rock are hig;hly interesting, especially 
under its passages into trap, a correct description of 
its mineral characters is necessary. And I may add a 
remark applicable to all rocks, viz, that tlie geologist 
should ever bear in mind the varions opinions on theSe 
subjects, whatever he may himself believe: since these 
will sharpen his attention, and direct him to niueh that 
might otherwise escape his notice. 

The antient porphyries having been generally ranked 
with the stratified substances, we have been mnch 
misled by their descriptions; but the same rules may 
be adopted for these as for granite and the traps : taking 
care especially to note those circumstances bv which 
their ages may be inferred, in reference to granite and 
to the associated strata. In the trap rocks, the same 
general rules apply, as far as all the circumstances of 
position, extent, general forms, structures, mineral 
characters, relations to the strata, junctions, and veins, 
arc concerned. Here also it is retpiisite to distinguish 
between successive formations aud their relative ages; 
while, as masses, now independent, have often been 
formerly connected, the geologist must bear in mind 
all these facts, as already described, and also recollect 
that the antient existence of even extensive tracts can 
often be inferred by only the most delicate evidence. 
Thus do their present connexions witli the stratified 
rocks demand the most careful attention, and often 
mnch laborious comparison. On their mineral cha- 
racters I should add, that they will often require acute 
discernment respecting the distinctions of mixed mine- 
ralsj as may their intermixtures' of character; yet the 
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slndent must never, in any thing, encumber his <!c- 
scviptioiis with superfluous circumstances; while, if, 



is the business of a discerning mind to select the nsi 
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ful, even from what is unknown, this quality of phil 
sophicul foresight cannot be communicated by any i 
stroctions. I must also call his attention to the con- 
glomerates, hitherto so ill understood, to the connex- 
ions of organic substances, especially of coal or lig- 
nite, with them, to that frequently scoriforni character 
which proves their volcanic origin, above all to a caref 
discrimination of the veins, lest he mistake them f* 
sttfita, and lastly, to those real stf^ata which appear 
have been fused m situ. But the former history of these 
substances will amply teach him what I need not fur- 
ther enforce. Wherever, lastly, the country under 
review combines existing, or admittedly antient vol^n^ 
canoes, Avith rocks of this class, unusual attention will^^ 
be required on a subject not yet sufficiently elucidated ; 
while respecting volcanoes themselves, and their pro 
ducts, I can only suggest the necessity of scientific ex 
amination; since, of the wonderful, we have already-^ 
more than enough. 

Respecting the stratified rocks, it must first he re^ 
nierabcred that the order of succession is inconstant 
so that they should be examined without any previous 
hypothesis, and described as they exist. There is no-^ 
thing in the whole circle of geology in which this rule, 
is more rigidly to be enforced ; since, in nothing, ar* 
we now more deceived by fanciful and false statements. 
And let every reader distrust or neglect him, who, in- 
stead of duly searching, and simply and fully describ- 
ing, adopts the system and phraseology in vogue. As 
to the details, the first relate to tlie place and extent of 
H given stratum, and to the inferences respecting its 
probable continuity, whcti no longer to be fairly traced. 
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Its thickness, changes of dimension, inclination, curva- 
tures, fractnres, and other obvions matters, follow; 
while I have already said, that such inclination can 
never be determined from partial observations. Nor 
let fissures and joints be confounded with the divisions 
of strata, nor the concretionaiy laminar structure with 
the effects of stratification. It is by such attentions 
that the correspondence or continuity of distant strata 
are traced; as thus also we learn to supply that which 
cannot be seen. 

As to successions of strata, much more is re([uirod^' 
implying- the order of those, the nature of the rocks, 
in all their mineral characters, the modes of division, 
and, above all, the parallel groupings, and the sepa- 
rations of such groups from others in reverse order, 
together with the peculiarities of structure in such 
places. Thus it is that we discover the points of re- 
volution, and also learn to trace all the partial deposits. 
As to inferior groups, let the geologist ever remember 
how much of hypothesis there is, and hence be cautious 
lest this mislead him from the truth, which, if he truly 
seeks it, he will find. The accidents which depend on 
the unstratificd rocks must be already understood : 
and as to any. peculiar circumstances engaged in 
the successions of strata, it is sufficient to refer to 
the preceding chapters. Yet under the investigation 
of great tracts, let the geologist also attempt to 
define the limits of sets of strata, and to deter- 
mine the circumstances under which they were de- 
posited ; and further, how farthere are correspondences 
under obvious differences, for in this loo have we been 
egregiously misled. And lastly, let him ever recollect 
that he has neither formed nor conveyed a clear idea 
of his work, unless his reader can comprehend it as if 
given in a section, or can constrnct one from his dv:.- 
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scriptions ; while, without this, he will deserve that 
his knowledge be called in cjuestion. 

Of the tertiary strata, I have already fully stated wh 
I consider a true arrangement ; referring also to ill 
iasit chapter, iti preference to the one which treats o 
that subject. To that the reader may turn for what 
need not repeat; l)iit let the substances be at least de 
scribed as they exist; since, to give such names, alon 
as "The phistic clay," or " the calcairc grossier" is t 
do worse than nothing. Let their elevations also an 
their relations to the inferior rocks be noted : aSjthroug! 
1 their |)hysiial geography, carefully examined, we shal 
^■•distinguish them from those deposits with which they 
liiave been confuunded. As to mineral veins, it is at 
rfeast necessary tliat they should be carefully examine 
i«4ind described in all their accidents ; in the rocks whie 
|fthey traverse, in their contents, and in the variation 
iof those : while further, under whatever circumstance 
[pure minerals may occur, it is the geologist's duty t 
lescribe these, since it is to Irirn that mineralogy must 
dvvays be in<lebted for this knowledge. 

Studying brevity as I have here done, it will still 
remain for the discretion and knowledge of an observer 
to add what he thinks may contribute to geological 
^science; as he is permitted whatever may enhance i«§ 
llnterest to the reader. But let him ever remember 
that if by commencing his career in England or Saxony, 
or by trusting to books and professors, he has deter- 
mined that any given country is his pattern of naturcj 
and point of reference, he has already bandaged h 
eyes; for it is certain, that wherever he goes he will] 
see nothing but the succession or " formation" in vogue j 
l^* the nuischelcalk" or "the greensand," the The of hift| 
(ffichool or system. Let him study nature with his own 
eyes, and infer by his own reason: else will his Obscr- 
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vation be Imt Opinion, and the opinions of thousands 
will be but the opinion of one. 

t^. On the Quabyicatiom required hi/ a Geologist.. 

It has been the reproach of geology that it has been 
a history of errors, corrections, and controversies, a re- 
cord of con6icting facts, contradictory authorities, and 
hypotheses. But this is the reproacii of the cultivators, 
not of the science. Amid her variety as in her con- 
stancy, Nature is subject to laws; and they will ulti- 
mately be established by hiiu, who, to the faculty of 
observing accurately, joins that of reasoning justly. 
And when obsen'crs shall come to their tasks with the 
previous necessary knowledge, when they shall bring 
to these, candid as well as inquisitive minds, when they 
shall study to distinguish analogies and differences, to 
discriminate between the accidental and essential, and 
learn to generalize this observation by the rules of sound 
philosophy, the truth will not long remain concealed. 
So mutually dependent and connected are indeed all 
the sciences, that there is scarcely one which can be 
effectually pursued without previous acquisitions of 
viirious knowledge; as never was there a valuable 
treatise written on any subject, by him who did not 
know much more than what he has seemed to profess. 
Nor, in any one science, was ever yet any thing well 
done by any but a mind schooled in the habits of ge- 
neral observation and in the logic of philoHf)phy 4t 
iilarge. But these are well-known trutlis : it is here 
.-hiy object to point out to the geological »tndon(, ihoHC 
llattainments in science and art without which lie will 
learn nothing, and be unable to t<!ach any ihing, Jf | 
the list shall appear forniidablc, there in notliiiig denied 
iito industry, nor any thing d'-iuiUMliil lieyond wjiat i« 
essential to every scientific ediuiitiun, 
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A knowledge of mineralogy forms the very founda- 
tion of this science, often as that is forgotten; siiio 
without it, the geologist will never acquire a ready an 
accurate knowledge of rocks, independently of th 
Other demands on him which it poseesses. There are 
also numerous appearances in geology, which I need 
not now enumerate, on wlneh he will never reason 
justly without this knowledge j as the facts will eve 
escape the notice of him who is, thus far, without eyes 
while it might Ije invidious to notice the gross erroi 
,to which mincralogical ignorance has often given risci 
Geology and mineralogy are indeed hut two hranches 
of a common science ; while if discoveries in the latter 
must originate with the geologist, it is certain thftt 
these will be proportioned to his previous knowledge. 
If, with the botanist, not versed in the principles that 
distinguish their respective objects, the treasures of 
nature will pass before each, urmoticcd and unknown. 
Nor can we place much confidence in him who pre- 
tends to distinguish among complicated and dilficolt 
appearances, when he has proved his deficiency iuij^ 
buhjcct of far easier attainment. , , ( » 

It is almost superfloug, after this, to say, that a mi- 
nute and ready knowledge of rocks is indipensable. I 
would be endless to repeat the cases in which it is in 
perpetual requisition, and the errors which have arisen, 
from the want of it; though I may allude to the con- 
fusion of former geologists respecting pitchstone and 
jaspers, hornblende schist and trap, granite and quartz 
rock, with the jjernicious conclusions and permanent 
ignorance to which these have given rise. Nor have 
we a right to suppose that all the rocks in nature are 
known. Quartz rock, hypersthene rock, augit rocky- 
compact felspar, chert, and nioie, have been added, by 
any own researches,, to nX^H "Ot long agq 
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plete ; as have many other matters, often of great mo- 
ment, been rectified ordetermined by these means alone. 
And, of all this, whatever yet remains, is reserved for 
him whose eye of knowledge is quickened to the ap- 
prehension of distinctions which escape an unprepared 
and careless observer. 

It is a sufficient reason for the study of zoology and 
botany, that the organic remains of former worlds con- 
stitute one of the most interesting branches of their 
history. The subject is however so extensive, that it 
is too much to demand from the geologist an intimate 
acquaintance with it; though, without some attain- 
ments, in at least certain departments, he will often be 
obliged to resort to those who have bestowed undivided 
attention on these branches of natural history. Yet if 
this is an inconvenience, it is perhaps best as it is; since 
it is compensated by the greater accuracy arising from 
the division of labour. Yet let rae still caution stu- 
dents against believing that the collection and arrange- 
ment of fossilremai ns constitute geology, or that a theory 
of the earth can be constructed from materials, which, 
though evidential of some parts of it3 history, are, with 
the sole exception of limestone, but incidental to its 
nature and progress as a planetary globe. 

So entirely is geology dependant on chemical prin- 
ciples, that scarcely a step can be made in geological 
reasoning without their aid. All the theories of the 
earth are questions of chemistry; and had that science 
been understood by their propounders, geology wonld 
have escaped the censure due to those who have thus 
obtruded their ignorant speculations to enthral the 
minds of the equally ignorant. Without chemistry, 
the origin, nature, and effects of the igneous rocks, in 
particular, would never have been understood ; as the 
labours of chemists have already materially elucidated 
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this snhject: still (Icstincd, undoiibtetlly, to do much 
more, when tUe nature of the earths becomes betteri 
known, and when geologists feluill be convinced, that 
without such knowledgCj the teacher can as Uttle 
deserve as he can claim attention. If there ia any 
species of ignorance by which geology has hitherto 
been pccnharly ohstructed, it has been by ignorance 
of chemistry. lint it is neither needful nor possible^ 
to be a Berzcb'us ; as it i^ not also a mere funiiliurityl 
witli details that will render the geologist what he 
ought to be in this science, Imt the command of gene 
ral principles, with a readiness and jiower in applying 
them to new facts, and in disentangling complicated 
appearances. 

Scarcely less folly has arisen from the want of ma 
tliematical knowledge among geological theorists ;' 
though I need make no remarks on that which is ad 
luitted to be indispensitjle to a scientific education. 
But omitting higher considerations, the geologist ought 
at least to be versed in plane trigonometry, and even 
to poHsoKs practical facility in all the ordinary opera- 
tions of measuring ; since they may often become 
necessary to the accuracy and verification of his, 
work, as geographical errors may often materially im-^H 
pedc jiis own deductions. Here let me also note tho ^^ 
necessity of cultivating a geographical eye ; that tact 
which, in different ways, distinguishes the military 
commander and the American savage; almost seeming 
in the latter, the result of some mysterious sense, as in 
the nngratory birds. It isthrongh this talent that the 
posses.sor immediately feels his situation in the most 
intricate country ; recognizing even mountains and 
other objects, in positions before unseen, tracing their 
dependencies, estimating their distances, and even ap- 
proximating to their elevations. Thus indeed only^] 
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can he apply his map to use ; pointing out its several 
objects, in nature, and being thus enabled tp record 
his observations, without error or hesitation. Thus 
also does he leurn to sec the inntual relations of dis- 
tant strata, and to form the general plan of investiga- 
tions to be afterwards verified by insulated observa- 
tions. Nor can the possessor of this faeulty long 
Jose his way, even in the intricacies of amonntainons" 
country ; since, to him, the place of the sun is always 
known, while in every stream and every inclinalion of 
a stratum, he finds a pilot. The geologist who can- 
not be his own guide through unknown mountains, 
may be assured that he is but ill fitted for the work 
he has chosen. 

The last qualification required Is the art of drawing; 
tiie almost universal neglect of which forms one of 
the most singular defects in a modern scientific edu- 
cation. If it is difficult to proceed without it, in any 
of the practical sciences, it is indispensable in every 
branch of Natural history. There are a thousand 
objects which, from their bulk, or minuteness, or 
other causes, cannot be preserved ; while, of many, 
verbal descriptions, however careful, are useless or in- 
efficient : yet we have to regret that naturalists and 
travellers, in neglecting this simple ac([uircment, have 
rendered their labours nearly fruitless. It holds at 
least the next rank to the art of writing and reading ; 
which might indeed be often well exchanged for it in 
these cases. If it is by letters that mind commnnicales 
with mind, it is by drawing, alone, that tangible and 
visible forms can be conveyed to the apprehension. It 
is the language of physical, as the former is of vnctti^ 
physical knowledge. Thus also is it a valuable n>eans 
of mental discipline ; a great umral engine for the 
cultivation ol' the faculties. Whatever the inexpcri- 

VOL II. I I 



ABI 



London : 
Printed by J . Teaten, 14, Dean Street, Soho. 



■•% 



